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FOREWORD 


This  report  was  prepared  by  Air  Products  and  Chemicals,  Inc.  under 
USaF  Contract  No.  AF  33(616)-6515.  This  contract  was  initiated  under 
Project  No.  7312,  “Finishes  and  Materials  Preservation”,  Task  No. 
731203,  “Corrosion  and  Deterioration  Control”.  The  work  was  ad¬ 
ministered  under  the  direction  of  Air  Force  Materials  Laboratory, 
Research  and  Technology  Division,  with  Mr.  O.  O.  Srp  (MAMP)  acting 
c'-s  projeci  engineer. 


This  report  covers  work  conducted  from  October  15,  1960  to  October  15, 1961. 

This  report  has  lieen  preceded  by  two  summary  technical  reports;  WADD 
TR  60-436,  which  described  the  work  done  from  June  1959  to  June  1960  and 
WADD  TR  60-819,  which  described  the  work  done  from  June  1960  to  October 
15, 1960.  This  report  concludes  work  under  this  contract. 


ABSTRACT 


This  report  covers  studies  of  liquid  fluorine  and  its  contaminants,  reactions 
on  metal  surfaces,  fluoride  films,  and  immersion  tests  of  tensile  specimens. 
The  solubilities  of  contaminants  in  liquid  fluorine  arc;  40%  CF4  at  -297*F, 

4. 5%  CF4  at  -320*  F,  >  10%  OF2,  <  0. 5%  HF,  <  0. 1%  SiF4  and  SFe  at  -320*  F. 
A  method  of  preparing  contaminant  free  fluorine  and  its  infrared  analysis 
is  discussed. 

No  liquid  phase  reaction  between  fluorine  and  metals  has  been  observed  but 
gas  phase  reaction  occurs  during  warmup.  Small  weight  changes  in  metal 
specimens  immersed  in  liquid  fluorine  for  15  and  75  minutes  were  noted. 
Increased  corrosion  of  similar  specimens  in  OF2-contaminated  fluorine  is 
not  conclusive.  Exposure  of  hydrocarbon  films  cm  metals  to  F2  leaves 
carbon  deposits  while  exposure  to  CIF3  or  CIF3  4  F2  leaves  fluorocarbon 
films. 

No  detectable  fluoride  films  formed  on  aluminum  specimens  using  electron 
diffraction  techniques.  At  low  temperatures  gaseous  fluorine  formed  films 
of  less  than  200  Angstroms  on  metal  powders  with  initially  rapid  film 
fornution  tapering  off  to  a  negligible  rate  after  cme  day.  Metal  powders 
adsorb  gaseous  fluorine  at  -297*  F. 

Metal  tensile  specimens  exposed  to  liquid  fluorine  for  mie  year  corroded 
<  one  mil.  These  specimens  had  essentially  the  same  tensile  properties 
as  similar  ones  exposed  to  liquid  nitrogen. 
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THE  COMPATIBILITY  OF  VARIOUS  METALS 
WITH  LIQUID  FLUORINE 


SUMMARY  TECHNICAL  REPORT 


I.  INTRODUCTION 


The  objective  of  the  exiieritnental  work  described  in  this  report  has  been 
to  broaden  the  existint;  knowledge  of  liquid  fluorine  iiandliiig.  The  work  done 
under  this  project  lias  resulted  in  a  better  understanding  of  the  beiiavior  of 
materials  ex|)osed  to  liquid  and  gaseous  fluorine  from  a  corrosion  viewpoint. 
Air  Products  and  Chemicals,  Inc.  was  assigned  this  project  in  June  1959  by 
Materials  Central  of  the  Aerotuutical  Systems  Division,  under  contract 
AF  33(616)<-6515.  This  report,  covering  the  {leriod  from  October  15,  I960 
to  Noi^ember  15,  1961,  lias  been  preceded  by  two  summary  technical  reports 
covering  tlic  periods  June  1959  to  June  1960  and  June  1960  to  Octe^^r  1960. 
(13.14). 

The  work  during  the  first  period  dealt  with  the  determination  of  the  eori'osion 
rates  of  tyitical  metals  during  static  exposure  to  liquid  fluorine  for  periods 
up  to  two  weeks.  Metals  tested  included  several  aluminum  alloys,  various 
stainless  steels,  titanium,  magnesium,  brass,  monel,  and  nickel. 

Amorphous  and  gratihitic  carbon  were  also  tested.  Specimens  were  tested 
in  stressed  and  unstressed  conditions.  The  impact-ignition  characteristics 
of  titanium  and  aluminum  in  liquid  fluorine  were  studied. 

During  the  second  (lerUKt,  studies  of  contaminants  in  liquid  fluorine,  fluoride 
film  studies,  metal-liquid  fluorine  corrosion  rate  with  time,  metal  ignition 
in  liquid  fluorine,  and  one-year  esqiosure  studies  of  tensile  i^cimens  were 
started. 

During  the  present  period  the  above  work  lias  been  continued.  The  w'ork  for 
this  year  can  be  ^..ivutcd  into  the  foUow'ing  general  areas: 

A.  Fluorine  Contaminants 

B.  Ibeactioiis  of  Flttorim*  on  Metal  Surfaces 

C.  Fluoride  Film  Studies 

O.  Properties  of  Metals  After  One- Year  Eaqiosuife  to  Liquid  Fluorine 


Manuscript  released  by  the  authors  January  23,  1963  for  pubjication  as  an 
A.SD  Technical  Documeoiary  Report. 


II.  DISCUSSION  OF  EXPERIMENTAL  WORK 


FLUORINE  CONTAMINANTS 


The  work  involving  fluorine  contaminants  consisted  of  the  following 
studies: 

1.  Identification  of  contaminants  in  commercial  fluorine  cylinder  gas. 

2.  Removal  of  observed  contaminants  from  commercial  fluorine 
cylinder  gas. 

3.  Measurement  of  solubility  of  possible  contaminants  in  liquid 
fluorine. 

4.  Development  of  infra-red  analytical  technique  for  gaseous  fluorine. 


Commercial  fluorine  is  produced  by  the  electrolysis  of  KF  *  2HF  (10). 

In  this  process,  small  quantities  of  contaminants  are  generated.  Hydrogen 
fluoride  (HF),  present  in  greatest  quantity,  is  removed  by  condensation 
and  by  passing  fluorine  gas  through  sodium  fluoride  absorption  towers; 
however,  it  has  been  found  that  trace  quantities  of  hydrogen  fluoride 
remain  in  gaseous  fluorine  even  after  treatment  (10),  Other  contaminants 
produced  from  moist  or  impure  electrolyte  or  by  reaction  of  gaseous 
fluorine  with  process  equipment,  are  not  removed.  For  most  applications, 
the  presence  of  small  quantities  of  contaminant  in  gaseous  fluorine  presents 
no  serious  problems;  however,  when  fluorine  is  liquefied  for  use  as  an 
oxidizer  for  missile  fuels,  the  presence  of  contaminants  is  highly 
undesirable.  The  experimental  work  described  below  was  designed  to 
determine  the  effect  of  insolubility  and  corrosive  action  caused  by  the 
presence  of  fluorine  contaminants. 

1.  Experimental  Apparatus 

A  multi-purpose  experimental  apparatus  was  designed  and  built  to 
be  used  for  identification  of  contaminants  in  liquid  fluorine,  their 
removal  from  liquid  fluorine,  and  for  measuring  solubilities. 


A  schematic  diagram  of  the  experimental  apparatus  is  shown  in 
Figure  1.  In  order  to  be  able  to  work  with  small  quantities  of 
low  pressure  fluorine  gas,  a  reservoir  was  connected  to  a  fluorine 
cylinder  located  behind  a  steel  barricade.  The  reservoir  was  filled 
to  about  60  psig  and  isolated  from  the  cylinder.  The  fluorine  used 
in  experiments  was  metered  from  the  reservoir  with  a  Hoke  needle 
valve  with  a  metal-to-metal  seat.  The  system  for  contaminant 
studies  included  a  sodium  fluoride  bed,  in  which  hydrogen  fluoride 
could  be  absorbed, and  four  condensing  compartments.  Three 
condensers  were  made  of  monel  and  the  fourth  was  a  stainless 
steel  receiver  for  holding  processed  fluorine.  Fluorine  could  be 
transferred  from  one  condenser  to  any  other.  A  Hoke,  5-12  micron  filter 
was  attached  to  one  condenser,  another  was  equipped  with  a  cooling 
coil  and  the  third  was  a  simple  cell.  The  cells  were  connected  into 
the  system  with  swedge-type  connectors  so  that  they  could  be  easily 
removed  from  the  system.  When  necessary,  a  glass  condensing  ceil 
could  be  substituted  r  monel  cell  for  visual  examination  of  liquid 
fluorine. 

A  series  of  manifolds  were  connected  to  the  system  in  addition  to  the 
fluorine  manifold.  It  was  possible  to  draw  vacuum,  purge  with  nitrogen 
or  helium,  or  dispose  of  the  fluorine  to  a  20  foot  deep  pit  filled  with 
lime.  Four  Dewar  vessels  were  arranged  so  that  each  condenser 
and  its  related  apparatus  could  be  submerged  in  the  liquid  nitrogen 
or  liquid  oxygen.  (Because  the  boiling  point  of  fluorine  is  -306** F  at 
1  atm  and  about  -29TF  at  12  p^,  the  gas  could  be  liquefied  in  liquid 
nitrogen  at  atmospheric  pressure  or  in  liquid  oxygen  under  moderate 
pressure. } 

All  work  was  carried  out  within  1/4"  thick  steel  cabinets  with  valve 
stems  projecting  through  the  steel.  The  system  could  be  examined 
using  periscope  mirrors  (13).  The  cabinets  were  well  ventilated  at 
all  times.  All  operations  were  conducted  remotely  to  eliminate 
|X)ssible  hazards  of  handling  fluorine. 


2.  Identification  of  Contaminants 

Since  it  vAkstobc  expected  that  the  quantities  and  concentrations  of 
contaminants  in  gaseous  cylinder  fluorine  would  vary  among  cylinders, 
several  were  sampled.  Each  time  a  different  cylinder  was  placed  on 
stream,  the  entire  system  was  evacuated  up  to  the  cylinder  to  insure 


(hat  MO  contamlnantB  could  come  from  the  residual  gas  in  the 
oquipnicnt.  The  apparatus  was  then  purged  with  nitrogen  or  helium 
and  again  evacuated  before  fluorine  was  introduced. 

Since  the  quantity  of  contaminants  in  cylinder  fluorine  is  often  small, 
it  was  necessary  to  concentrate  them  to  obtain  sufficient  quantities 
for  good  analytical  results.  Fluorine  was  condensed  in  a  liquid 
oxygen  bath  at  alx)ut  15  psig.  The  fluorine  was  then  distilled  by 
reducing  the  pressure  and  collecting  it  at  liquid  nitrogen  temperatures 
in  a  second  condenser.  The  residue  from  the  distillation  was  a 
collection  of  contaminants  less  volatile  than  fluorine.  With  the 
fluorine  gone,  the  contaminants  were  isolated,  warmed,  and 
allowed  to  vaporize.  They  were  then  sampled  in  an  infra-red 
cell  and  analyzed. 

The  results  of  experiments  for  identification  of  contaminants  in 
cylinder  fluorine  are  presented  in  Table  I.  The  following  contami¬ 
nants  have  been  found:  HF,  OF2,  SiF4,  SFg,  CO2,  SO2F2,  and  CF4. 
The  presence  of  COF21  is  questionable,  but  may  be  present  in 
cylinder  fluorine  and  decompose  to  CO2  and  SiF4  when  handled  in 
the  experimental  apparatus.  Oxygen  difluoride,  OF2>  was  found  in 
only  one  sample,  but  the  presence  of  this  material  is  not  unexpected 
as  it  may  be  generated  in  a  fluorine  cell  when  fresh  electrolyte 
is  used  (10). 


3.  Purification  of  Cylinder  Fluorine 

The  most  troublesome  contaminants  in  fluorine  are  expected  to  be 
those  which  are  insoluble  in  the  liquid  and  which  would  be  present 
as  solids  which  could  plug  transfer  lines  and  valves.  It  was  felt 
that  filtration  of  liquefied  fluorine  would  remove  these  contaminants. 
The  fluorine  could  further  be  purified  by  distillation. 

Filtration  of  liquid  was  accomplished  by  condensing  the  gas  in  a 
monel  cell  and  forcing  it  through  a  Hoke  5-12  micron  filter.  The 
filtered  fluorine  was  analyzed  by  taking  a  sample  In  an  IR  cell  or 
by  distilling  the  fluorine  as  described  above  and  collecting  the 
contaminants  if  any  were  present.  In  most  Instances,  the  fluorine 
was  passed  through  a  NaF  bed  to  absorb  troublesome  HF  before 
filtration. 
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To  obtain  fluorine  of  high  purity,  an  all  metal  system  must  be  used, 
as  it  is  suspected  that  fluorine  reacts  with  pyrex  glass  to  form  SiF^ 
if  glass  is  in  the  system.  If  all  contaminants  are  not  removed  by 
passing  fluorine  through  the  NaF  bed  and  filtering,  the  gas  must  be 
distilled.  The  distillate  is  analyzed  by  infra  -red  spectrophotometry. 
If  contaminants  remain,  a  fresh  condenser  is  evacuated  and  the 
fluorine  is  again  distilled.  As  long  as  contaminants  appear  in  the 
distillate,  another  distillation  is  performed  until  contaminant -free 
iluorine  is  produced. 

The  major  requirement  for  producing  contaminant-free  fluorine  is 
an  absolutely  leak  tight  system.  Even  the  smallest  leaks  allow 
contamination  into  ^he  system.  With  a  leak  tight  system,  high 
purity  fluorine  may  be  routinely  produced  by  passing  the  gas  through 
a  sodiuri  fluoride  scrubber,  filtering  the  liquid,  and  distilling  by  a 
one -step  technique. 

Table  I  summarizes  the  runo  made  to  produce  contaminant -free 
fluorine.  Fluor  ie  with  no  identifiable  contaminants  was  produced 
only  after  all  leaks  in  the  experimental  apparatus  and  analytical 
equipment  were  eliminated.  U  was  verified  that  passing  gaseous 
fluorine  through  NaF  does  not  remove  last  traces  of  HF.  This  may 
be  because  the  NaF  does  not  quantitatively  remove  HF  or  because 
there  is  imperfect  contact  of  the  gas  with  the  NaF  pellets  in  the 
absorber.  Filtration  alone  is  insufficinnt  to  remove  all  contaminants 
because  some  solid  particles  are  small  enough  to  pass  through  the 
filter.  However,  l)ecause  of  the  low  volatility  of  fluorine  contami¬ 
nants,  single  step  distillation  may  be  used  for  separating  contami¬ 
nants  from  fluorine.  The  distillation  is  a  simple  technique  and  may 
be  used  for  purifying  fluorine  when  high  purity  material  is  reeded. 
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4.  Solubility  of  Fluorine  Contaminants 

The  method  selected  to  determine  the  solubility  of  contaminants  in 
liquid  fluorine  was  to  prepare  mixtures  of  known  quantities  of  con- 
taminaiUs  in  purified  gaseous  fluorine,  condense  the  gas,  and  note 
whether  solids  were  present  in  the  liquid. 

Pure  fluorine  was  prejpared  as  described  above.  The  contaminant 
was  mixed  with  the  fluorine  in  the  gaseous  state.  Assuming  the  ideal 
laws  to  hold  at  low  pressures,  the  volume  of  a  gas  is  proportional 
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to  its  partial  pressure  in  a  mixture.  Purified  fluorine  gas  was 
added  to  an  evacuated  cylinder  to  a  predetermined  pressure. 
Contaminant  gas  was  added  to  the  purified  gas  to  increase  the 
pressure  by  a  predetermined  value.  The  fraction  of  contaminant 
in  the  fluorine  gas  was  then  the  ratio  of  the  partial  pressure  of  conta¬ 
minant  to  the  total  pressure. 

After  the  contaminated  fluorine  was  prepared,  it  was  condensed  in  a 
glass  cell  immersed  in  liquid  nitrogen.  The  cell  was  observed  through 
strategically  located  periscope  mirrors  so  that  both  the  top  and  sides 
of  the  cell  could  be  examined.  If  solids  appeared  in  the  condensed 
fluorine,  more  contaminant  had  been  mixed  than  was  soluble.  A 
new  mix  was  prepared  with  less  contaminant,and  condensed.  The 
solubility  was  determined  to  be  the  mix  when  solids  did  not  appear 
in  the  liquid. 

Table  11  summarizes  runs  made  to  determine  the  solubility  of 
contaminants  in  liquid  fluorine.  At  -297®  F  the  solubility  of  CF4 
in  fluorine  is  greater  than  40  Mol%.  At  -320®  F  its  solubility  is 
4. 5%.  At  least  10%  OF2  is  soluble  in  liquid  fluorine  at  -320®  F. 

Less  than  0. 2%  SFc  and  SiF^  are  soluble  at  -320®  F.  The  solubility 
of  HF  is  less  than  0.  5%. 

The  limitation  of  this  method  is  the  accuracy  of  preparing  mixes  of 
contaminant  in  gaseous  fluorine.  The  solubilities  reported  as  less 
than  a  certain  percentage  are  the  smallest  percent  mixes  that  could 
I  be  accurately  prepared. 


l»lni-Red  Analysis 


The  most  im|X)rtant  aspect  of  this  work  was  to  develop  a  rapid  und 
simple  analytical  technique  for  analyzing  fluorine.  The  method 
selected  was  infra-red  spectrophotometry  using  a  Beckman  IR-4. 
Two  types  of  sample  cells  were  used,  one  with  standard  sodium 
chloride  windows,  the  other  with  calcium  fluoride  windows. 

Calcium  fluoride  windows  were  required  for  analysis  of  fluorine 
because  they  are  inert  to  fluorine  The  fluorine  reacts  with 
standard  NaCl  windows  as  follows: 

2NaCl  ♦  F2  «  2NaF  4  CI2 


This  is  a  quantitative  reaction  sometimes  used  in  the  analysis  of 
fluorine,  in  which  fluorine  is  reacted  with  NaCl  and  the  chlorine  gas 
is  collected  and  analyzed. 

The  problem  caused  by  using  CaF2  windows  is  that  the  CaF2  absorbs 
light  of  wave  lengths  greater  than  10  microns.  In  IR  analysis,  many 
important  peaks  are  in  the  10-15  micron  range.  Fortunately,  many 
compour  Is  associated  with  fluorine  (HF,  CF4,  and  CO2)  do  have 
absorption  peaks  below  10  microns  from  which  they  can  be  quanti¬ 
tatively  identified  (OF2,  SF5,  SO2F2,  and  SiF4  are  exceptions). 

Whenever  possible,  NaCl  windows  are  used.  When  fluorine  is 
distilled  from  contaminants,  the  contaminants  may  be  collected 
in  the  NaCl  cells  and  the  full  range  of  the  IR  can  be  utilized. 

The  most  serious  problem  in  the  use  of  IR  cells  is  to  get  an  absolutely 
leak  tight  seal  between  the  windows  and  the  metal  cell  body.  Because 
of  the  corrosive  nature  of  the  fluorine,  the  seal  supplied  by  the  manu¬ 
facturer  often  develops  minute  leaks.  In  many  analyses,  up  to  1%  HF 
was  detected  in  fluorine  using  the  manufacturers  gaskets  on  the  cells. 
(The  HF  comes  from  the  reaction  of  atnrtospheric  moisture  with  fluorine). 

To  improve  the  seal,  various  thin  metal  gaskets  were  tried,  both 
amalgamated  and  unamalgamated,  as  a  substitute  for  amalgamated 
lead, but  witltout  success.  A  considerable  improvement  in  sealing 
the  IR  cells  was  nude  by  increasing  the  thickness  of  the  anulgamated 
lead  gasket  several-fold  to  0. 020  inches.  The  use  of  this  gasket 
resulted  in  a  seal  which  did  not  fail  in  20  fillings  with  fluorine. 

When  leaks  finally  developed  in  the  new  gasket,  it  was  replaced.  A 
satisfactory  seal  was  not  obtained  even  after  several  gasket  changes. 

It  was  then  found  that  Ute  seating  surface  of  the  IR  cell  had  become 
rough.  The  seat  was  then  carefully  lapped  smooth  with  lapping 
com)X)und  and  the  gasket  was  installed.  This  time  the  ga^et  was 
found  to  be  leak  tight. 

Using  the  above  technique  the  following  possible  contaminants  in 
fluorine  could  be  detected:  CF4,  SFg.  SiF4.  ^^2’ 

^2^2’  ^2^6»  ^^2’  major  IR  peaks  occurred  at  the  following 
wavciengths: 


Contaminant 


Major  Infra-Red  absorption  peaks  -  Microns 


HF 

2. 45  and  2. 55 

SFg 

10. 55 

SiF4 

9.7 

OF2 

11.9,  12.1,  and  12.25 

SO2F2 

11.4,  11.6,  and  11.8 

COF2 

8. 1  and  8. 2 

CO 

4. 55  and  4. 65 

0 

u 

4. 22 

CF4 

7.78 

Cafe 

7.98 

FACTIONS  OF  FLUORINE  ON  METAL  SURFACES 

A  scries  of  experiments  were  conducted  to  study  reactions  of  fluorine 
on  metal  surfaces.  This  work  was  designed  to  measure  reactions 
between  liquefied  cylinder  fluorine  and  metal  specimens  and  then  to 
study  the  effects  of  contaminants  in  the  liquid  or  contaminants  on  the 
metal  on  tliese  reactions.  Specifically  covered  are: 

1.  Remoral  of  traces  of  hydrocarbons  from  metal  surfaces  with 
gaseous  fluorine,  CIF3,  and  mixtures  of  F2  und  CIF3. 

2.  S^ort  term  immersion  tests  (1$  and  75  minutes)  to  measure 

rrosion  of  metal  specimens  in  liquefied  cylinder  fluorine. 

3.  Short  term  immersion  tests  (15  and  75  minutes)  to  study  the  effect 
of  OF2  in  liquefied  fluorine  on  corrosion  of  metal  specimens 
immersed  in  the  liquid. 

4.  Visual  observation  of  the  actiim  of  liquefied  cylinder  fluorine  on 
metal  surfaces. 


1.  Experimental  Apparatus 


A  series  of  tests  involving  the  reaction  of  liquid  and  gaseous 
fluorine  on  metal  surfaces  were  conducted  in  an  apparatus 
es|jecially  designed  for  these  tests. 

Several  small  monel  cells  (Figure  2)  were  built  from  1-1/4  inch 
monel  tubing  witl)  a  0.065  inch  wall.  A  bottom  blind  flange  was 
made  of  1/4”  monel  sheet  and  drilled  in  the  center  for  1/4”  tubing. 
A  {)air  of  nutching  flanges  were  made  for  the  top  of  the  cell  and 
held  together  with  eight  stainless  steel  nuts  and  bolts.  A  rupture 
disc  made  of  0. 005”  copper  sheet  was  tolled  between  the  top 
flanges.  The  cell  was  drilled  1/4”  from  the  top  for  1/4”  tubing. 
The  top  and  bottom  flanges  and  the  tubing  were  all  welded  to  the 
cell.  The  bottom-entering  tube  was  used  for  introducing  fluorine 
into  the  cell  and  the  top  tube  was  used  as  an  outlet. 

A  series  of  these  cells  were  set  on  a  manifold  so  that  fluorine 
could  be  introduced  or  removed,  vacuum  could  be  drawn, or 
nitrogen  introduced  for  purging.  Each  cell  was  placed  in  a 
Dewar  vessel  which  could  be  remotely  filled  with  liquid  nitrogen. 
All  control  was  accomplished  by  valves  with  stems  projecting 
through  a  1/4”  steel  barricade. 

Each  cell  could  be  divided  into  four  compartments  with  a  loose 
fitting  cross*shai)ed  insert.  This  cnabl^  four  small  metal 
s|)ecimens  to  be  simultaneously  exposed  and  held  erect  in  the 
cell. 

Several  cells  could  be  used  together  for  exposure  tests.or  run 
separately. 


2.  Remoyaj  of  Tra^  Hydrocarbons  from  Metal  Surfaces 

The  {purpose  of  these  studies  was  to  determine  the  efficiency  of 
removal  of  liquid  films  of  hexadecanc  from  metal  surfaces  by 
exposing  them  to  gaseous  fluorine^  chlorine  trifluorldc,  or  a 
mixture  of  both.  It  was  expected  that  the  hexadecane  would  be 
converted  into  and  with  the  result  that  the  metal  would 
be  cleaned  and  become  pnRected  by  the  formation  of  a  fluoride 
film. 


A  series  of  small  metal  dishes  1'*  in  diameter  were  made  of  brass, 
copper,  aluminum,  titanium,  nickel,  and  monel  in  thicknesses  of 
0.001”,  0.005”,  0,010”,  and  0.062”  and  0. 125”.  Solutions  of 
hexadecane  in  trichloroethylene  were  prepared  in  varying 
concentrations.  Hexadecane  was  deposited  on  the  metal  surface 
by  metering  a  small  quantity  of  solution  onto  the  dish  and  evaporating 
the  trichloroethylene  in  a  vacuum  oven  at  80®  F.  Oil  films  weighing 
from  1  to  60  milligrams  and  varying  in  thickness  from  0.001  to 
0.006  inches  were  deposited.  The  weight  of  oil  deposited  was 
determined  by  weighing  the  clean  and  dry  dishes  before  and  after 
deposition  of  the  film. 

The  dishes  were  placed  in  the  small  monel  cells  described  above, 
which  were  sealed  and  thoroughly  evacuated.  Fluorine,  chlorine 
trifluoride,  or  mixtures  of  both  were  then  ibtroduced  into  the  cell 
at  pressures  ranging  from  1  to  5  atmospheres. 

The  extent  of  reaction  of  the  hexadecane  film  with  the  gas  was  noted 
by  pressure  surges  as  the  gas  was  added  to  the  test  cell.  After  a 
reasonable  hold  time,the  gas  was  evacuated  and  the  dish  was  weighed 
and  inspected.  In  some  instances,  the  dish  was  washed  with  known 
volumes  of  carbon  tetrachloride,and  the  resulting  solution  was 
analyzed  by  infra-red  techniques. 

In  general,  removal  of  hexadecane  films  from  metal  surfaces  was 
unsuccessful.  Instead  of  the  film  being  removed,  most  samples 
actually  gained  weight.  Often  a  deposit  of  finely  divided  carbon 
was  left  on  the  surfaces  when  gaseous  fluorine  was  exposed  to 
the  oil.  Reaction  was  closest  to  completion  at  the  high  pressures 
when  the  thinnest  metal  dishes  were  used.  The  thin  coupon  would 
absorb  the  least  amount  of  heat  from  the  reaction  of  the  i^seous 
fluorine  with  the  hexadecane  and  the  higli  pressure  would  favor  a 
faster  reaction. 

When  CIF3  or  mixtures  of  CIF3  and  F^  were  used,  an  oily  deposit 
was  observed  on  the  metal  dish.  Infra-red  aiaiysis  of  this  oil 
indicated  its  structure  to  be  identical  to  Hooker  Fluorolube  oil 
MO- 10.  It  was  felt  that  the  CIF3  reacted  with  the  hydrogen  in  the 
hydrocarbon  to  replace  It  with  fluorine  or  chlorine,  leaving  the 
carbon  skeleton  intact.  With  fluorine  gas,  a  waxy  solid  was 


sometimes  observed.  On  the  thinner  metal  dishes,  more  reaction 
took  place,  with  the  degradation  of  the  hydrocarbon  to  carbon,  and 
with  attack  of  the  metal  with  the  formation  of  metal  fluorides.  The 
infra-red  analyses  of  the  oily  residues  from  these  runs  revealed 
that  no  hydrogen  to  carbon  b^ds  remained. 

The  data  are  shown  in  Table  III. 


3.  Short  Term  Immersion  Tests 

Previous  results  (13)  from  two-week  and  one-day  immersion 
tests  showed  that  weight  changes  of  metals  exposed  to  liquid 
fluorine  are  independent  of  immersion  time.  It  was  necessary 
to  define  a  representative  short  exposure  period  during  which  the 
weight  changes  noted  for  metal  specimens  was  the  same  as  for 
longer  periods.  Experiments  with  titanium  and  magnesium  (14) 
exposed  to  liquid  fluorine  for  15  minutes  showed  that  titanium  tod 
a  similar  weight  change  in  15  minutes  as  m  two  weeks,  while 
nugnesium  exhibited  a  varying  weight  change  for  the  shorter  exposure 
period.  The  current  investigation  was  made  to  determine  the  behavior 
of  aluminum,  stainless  steel,  copper,  and  brass  for  the  very  short 
eiqiosures. 

Small  metal  strips  of  test  materials  were  cut,  polished,  cleaned, 
dried,  and  weighed.  The  four  compartment  monel  cell  described 
above  was  passivated  with  gaseous  fluorine.  The  test  coupons  were 
placed  in  the  test  cell  which  was  then  evacuated.  Cylinder  fluorine 
was  condensed  in  the  cells  until  the  specimens  were  submerged  in 
liquid.  The  specimens  wore  exposed  for  either  15  or  75  minutes 
and  the  fluorine  was  evacuated.  After  purging  the  ceil  with  dry 
nitrogen,  the  specimens  were  ai^in  weighed. 

It  was  expected  that  the  wei^t  changes  for  exposure  times  of  15 
minutes  would  be  identical  to  weight  changes  for  tests  lasting 
75  minutes,  one  day  or  two  weeks.  However,  examination  of 
results  (Table  IV)  shows  that  many  of  the  metals  tested  exhibited 
negative  weight  changes  for  the  15  minute  exposure  wuile  the  wei^t 
changes  for  75  minute  exposure  were  mostly  positive  and  were 
similar  to  those  reported  for  the  one-day  and  two-week  tests. 
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It  must  be  noted  that  all  weight  changes  are  extromely  small,  the 
largest  being  0.8  mg.  Although  the  accuracy  of  an  analytical 
Uilance  is  1  0. 1  mg,  the  ”before"and  "after"  weighing  had  to 
be  done  on  different  days  and  this  affected  the  accuracy  of  the 
weights.  Also,  most  fluorides  react  with  atmospheric  humidity, 
and  since  the  .samples  had  to  l)e  ex|X)sed  to  the  atmosphere  for 
weighings,  this  may  have  affected  the  weights.  This  is  the  probable 
explanation  for  the  snull  variations  in  weight  changes  for  samples 
of  U»e  same  material. 


4.  Effect  of  OFji^  in  Liquid  Fluorine  on  Corrosion 

It  was  felt  that  certain  contami«\ants  in  liquid  fluorine  could  affect 
the  corrosion  rate  of  the  liquid.  The  most  reactive  contaminant 
in  liquid  fluorine  is  oxygen  difluoride,  OF2.  It  is  miscible  in 
liquid  fluorine  to  the  extent  that  at  least  10%OF2  in  liquid  fluorine 
forms  a  single  ptiase  at  -320°  F. 

The  tests  to  determine  the  effect  of  OF2  were  short  term  immersion 
tests  identical  to  those  just  described,  except  that  for  the  exposure 
tests  purified  fluorine  contamiruited  with  OF2  was  used  instead  of 
cylinder  fluorine.  The  contaminated  fluorine  was  prejared  by 
adding  OF2  to  purified  fluorine  in  the  gas  pluse  as  descrilx'd 
previously  by  adjusting  lurttal  pressures  of  the  two  gases.  Metals 
exjXJsed  to  1%  OF2  in  fluorine  included  aluminum  alloys,  brass, 
copper,  several  tyi^'S  of  stainless  steel,  monel,  and  nickel. 

Metals  ex|X)se<i  to  OF2  in  liquid  fluorine  included  brass, 
cop|>?r,  tyi)o  304  stainless  steel,  and  aluminum  6061, 

Hesults  of  short  term  immersion  tests  for  metals  c.\)X>sed  to 
fluorine  containinatcHi  with  1%  OFo  are  shown  in  Table  V  .  The 
main  differences  between  the  resmts  for  samples  iinmer.sed  in 
liquefied  cylinder  fluorine  and  those  in  linuiU  fluorine  contaminated 
with  I'f  OFj  tliat  the  weight  ctunge.s  of  the  samples  were  mostly 
iieii^tive  for  the  samples  in  the  coiiiamiiuted  fluorine  both  for  the 
15  and  75  minute  eX|)osure. 

Careful  cumitarison  of  data  for  short  term  ex|)osure  of  metal 
S|iecimens  to  both  cylinder  fluorine  and  fluorine  contaminateil 
with  OF2  indicates  tliat  weight  chaitges  for  specimens  ext>nsed  to 
fluorine  contaminated  witli  OFo  are  somewhat  greater  than  weight 
changes  for  s|iecimcns  exi)osc4  to  cylinder  fluorine,  bi  most  cases. 
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all  wei|;ht  changes  border  on  the  accuracy  of  weighings,  but  a 
definite  trend  is  ap|)arent.  These  weight  changes  represent 
corrosions  of  less  than  0. 1  mil  of  metal  involved  in  the  reaction. 
In  some  rases  there  are  weight  losses  for  immersion  in  cylinder 
fluorine  and  weight  gains  for  immersion  in  OF2-contamini;ted 
fluorine.  For  aluminum  2017  the  reverse  was  true.  In  all  " 
cases,  when  specimens  were  immersed  in  fluorine  contaminated 
with  10%  OF2,  weight  changes  were  positive.  For  copper  and 
brass,  these  changes  were  much  larger  than  for  exposure  to 
cylinder  fluorine  or  fluorine  contaminated  with  1%  OF2. 


Visual  Observation  of  Action  of  Liquid  Fluorine  on  Metals 

As  a  continuation  of  work  previously  rc|)ortcd  (14),  samples  of 
Aluminum  2017.  Titanium  AllOAT,  and  yellow  brass  were 
placed  in  pyrex  glass  cells  and  immersed  in  liquid  fluorine. 
Results  from  these  tests  were  similar  to  earlier  results.  As 
long  as  the  samples  remained  in  the  liquid  fluorine,  the  surface 
appearance  was  bright  and  lusterous,  indicating  that  little  or 
no  corrosion  takes  place  in  liquid  fluorine.  However,  when 
the  fluorine  was  being  removed  from  the  sitmples  by  evaporation, 
films  could  be  seen  forming  when  the  evaporation  was  almost 
complete,  and  these  reactions  were  always  observed  in  the  gas 
pliase.  White  solids  were  present  in  liquid  fluorine  in  all  tests, 
but  they  did  nut  ap{x>ar  to  affect  the  corrosion  behavior  of  the 
fluorine.  The  po.ssibility  exists  tliat  tlie  solids  deposit  on  the 
surface  of  the  metal  samples  during  evaporation  and  are  somehow 
involved  in  the  observed  film  formation. 


C.  FLUORIDE  FILM  STUDIES 


The  general  non -reactivity  of  metals  with  liquid  fluorine  has  been 
attributed  to  the  formation  of  a  protective  metal  fluoride  film  (4,9, 11). 

The  protective  film  is  the  important  factor  inhibiting  corrosion  at  high 
temperatures  (3,6,7),  but  its  necessity  at  low  temperatures,  expecially 
at  liquid  fluorine  temperatures,  has  not  been  demonstrated.  Numerous 
tests  have  indicated  that  a  protective  film  plays  little  or  no  part  in  the 
corrosion  resistance  of  metals  to  liquid  fluorine.  It  has  been  shown, 
experimentally,  that  film  formation  by  gas  exposure  (passivation)  prior 
to  liquid  exposure  is  not  a  requisite  for  liquid  fluorine  systems.  Wire 
brushing  of  sample  surfaces  under  liquid  fluorine,  tensile  tear  of  specimens 
in  liquid  fluorine,  and  flexing  and  bending  of  metals  in  liquid  fluorine  all 
failed  to  produce  any  accelerated  corrosion  (13, 14). 

The  current  experimental  work  was  designed  to  approach  the  study  of 
protective  films  from  an  analytical  point  of  view.  One  approach  was 
to  detect  the  composition  and  thickness  of  fluoride  films  on  corrosion 
samples  by  electron  diffraction  techniques.  The  second  approach  was 
the  measurement  of  the  gas-solid  reaction  between  fluorine  and  metal 
powders  to  determine  directly  the  quantity  of  fluorine  tied  up  with  a 
metal  as  a  result  of  the  passivation  reaction. 


1.  Electron  Diffraction  Studies 


A  total  of  36  samples  of  titanium  and  aluminum  were  exposed  to 
fluorine  under  the  following  conditions;  one  hour  gas  exposure  at 
ambient  temperature  and  1/2  atmospheric  pressure;  one  hour  gas 
exposure  followed  by  six  hour  liquid  fluorine  exposure;  six  hours 
exposure  to  liquid  without  gas  exposure.  Twelve  samples  represen¬ 
tative  of  each  of  the  three  treatments  were  prepared. 

The  surfaces  of  the  samples  were  analyzed  by  electron  diffraction 
using  the  reflection  technique(l).  From  the  "d"  line  spacings  It  was 
expected  that  both  the  composition  and  thickness  of  films  would  be 
obtained. 
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The  first  18  samples  were  used  to  determine  the  optimum  method 
of  surface  prc|)aration  prior  to  exposure.  It  was  found  that  the 
surfaces  of  these  samples  were  too  smooth  and  that  the  formation 
of  a  characteristic  pattern  depends  on  a  surface  full  of  tiny  ridges 
and  valleys. 

The  second  group  consisted  of  aluminum  metal  strips  polished  with 
metallurgical  patier  by  the  protx^r  technique,  cleaned,  dried,  and 
stored  in  a  desiccator  prior  to  study.  A  portion  of  the  samples  were 
exposed  to  gaseous  fluorine  at  room  temperature,  others  were 
immersed  only  in  liquid  fluorine,  while  one  was  left  in  a  desiccator 
as  a  blank  and  was  not  exposed  to  ^seous  or  liquid  fluorine. 

Results  indicated  that  in  all  cases  only  diffraction  patterns  of 
AI2O3  •  H2O  could  be  observed.  No  aluminum  fluoride  could 
be  detected.  It  is  possible  timt  fluoride  film  whiskers  could  st 
on  metal  but  could  be  obscured  by  uniform  oxide  film  over  !' .  whole 
metal  surface. 

Because  of  these  inconclusive  results,  work  was  concentrated  on 
the  reaction  of  gaseous  fluorine  with  metal  t)owders. 


Heactiun  of  Gaseous  Fluorine  with  MeiUi  Pouters 

As  a  means  of  better  understanding  the  reaction  which  takes  place 
dutiiig  the  gas’phasc  iiassivation  of  metal  surfaces,  the  reaction 
t)f  gaseous  fluorine  with  finely  divided  metals  was  studied.  Experi* 
ments  were  designed  to  measure  film  thicknesses  as  snail  as 
1  Angstrom  and  to  follow  film  thickness  formation  as  a  function  of 
time  of  exposure.  The  tests  could  be  conducted  at  \url0u5 
temperatures  and  pressures  with  a  variety  of  powders. 

a.  Experimental  Apparatus 

The  experimental  apparatus  used  for  studying  the  reaction  of 
metal  powders  with  gaseous  fluorine  is  shown  in  Figure  4. 

The  Important  portion  of  the  amiaratus  consisted  of  two  volumes 
separated  by  a  valve.  The  first  volume  was  small  compared 
to  the  second  and  consisted  of  copfjer  tubing  to  Kdtich  a  pressure 
gauge  was  connected.  The  second  volume  Included  a  copper 
coil  and  a  monci  sample  holder.  The  first  volume  vms  mauni- 
folded  to  a  line  throui^  which  gaseous  fluorine  could  be 


introduced  or  removed.  Included  were  provisions  for  a 
nitrogen  purge  and  for  evacuating  the  system.  A  0-760  mm  Hg 
absolute  pressure  gauge  and  a  mercury  manometer  for  cali¬ 
brating  the  gauge  were  attached  to  the  second  volume.  It  was 
possible  to  isolate  the  gauge  and/or  the  manometer  from  the 
system  with  valves. 

For  runs  made  above  ambient  temperatures,  the  system  was 
immersed  in  a  constant  temperature  bath  equipped  with  a  heater, 
temperature  controller,  and  air  agitator.  Water  was  continually 
dripped  into  the  bath  and  allowed  to  overflow  so  that  the  volume  of 
the  bath  would  not  decrease  by  evaporation.  A  mercury-in-glass 
thermometer  was  used  to  measure  the  bath  temperature. 

For  runs  made  below  ambient  temperature,  the  experimental 
apparatus  was  compacted  to  fit  into  a  Dewar  vessel.  The  coolant 
was  either  a  dry  ice-trichloroethylene  mixture  or  liquid  oxygen. 
Temperature  was  measured  with  a  thermocouple.  Temperature 
control  was  not  necessary  in  this  case, as  the  temperature  of 
these  two  coolants  is  constant  as  long  as  there  is  sufficient 
dry  ice  or  liquid  oxygen  in  the  Dewar. 


b.  Procedure 

The  system  was  designed  so  that  the  first  volume  could  be 
brought  to  50  psig  pressure.  When  the  valve  separating  the 
volumes  was  opened  and  the  pressures  were  equalized,  the 
pressure  was  slightly  below  1  atmosphere  absolute.  The 
pressure  in  the  system  could  be  read  to  t  1  mm  Hg.  When 
Huorine  was  used  and  a  metal  powder  was  present  in  the 
sample  holder,  reaction  occurred,and  the  fluorine  reacted 
with  the  powder  to  form  a  metal  fluoride  thus  reducing  the 
system  pressure.  The  pressure  reduction  was  converted 
to  a  fluoride  film  thickness  by  appropriate  calculations. 

The  step  by  step  procedure  followed  was  as  follows: 

(1)  The  system  was  checked  for  leaks  by  pressurizing  with 
nitrogen  and  soap  checking  all  connections. 

(2)  The  apparatus, less  the  metal  powder  sample,  was  passi¬ 
vated  by  filling  with  gaseous  fluorine  which  was  allowed  to 
remain  overnight. 
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(3)  The  system  was  evacuated  and  purged  with  dry  nitrogen 
to  remov(!  last  traces  of  fluorine. 

(4)  The  .sam|)le  holder  was  weighed,  the  meU*.!  powder  added, 
and  ag;iin  weighed.  It  was  then  placed  in  the  system,  sealed, 
and  leak  checked  by  pressurizing  with  dry  nitrogen. 

(5)  Vacuum  was  drawn  on  the  system, and  the  sample  holder 
was  heated  to  about  450*  F  to  drive  off  moisture. 

(G)  The  system  was  placed  in  the  constant  temperature  bath 
and  "standardized**.  The  standardization  procedure 
involved  running  a  blank  test  using  nitrogen  instead  of 
fluorine.  Nitrogen  was  introduced  into  the  first  volume 
to  50  psig  and  isolated  from  the  manifold  by  closing  a 
valve.  The  valve  to  the  second  volume  was  opened  and 
the  equalized  pressure  noted.  This  pressure  was  an 
indication  of  the  ’*zero  time'*  pressure  to  be  expected  in 
the  system  when  fluorine  was  used.  Knowing  the  liquid 
volume  of  the  system,  the  weight  (or  moles)  of  gas  in  the 
system  could  be  calculated.  (The  exact  volume  of  gas  is 
the  liquid  volume  of  the  system  less  the  volume  of  the 
powder  in  the  sample  holder.) 

(7)  The  system  was  again  evacuated. 

(6)  Fluorine  was  added  to  the  system  (same  conditions  as  in 
step  (6). 

(9)  Pressure  readings  were  taken, and  changes  in  system  pressure 
with  passage  of  time  were  noted. 

(10)  At  the  end  of  a  run,  the  system  was  evacuated, and  another 
'hitrogen  standard"  was  taken. 

(11)  The  system  was  evacuated, and  a  ’fluorine  standard"  was 
taken.  If  the  system  pressure  remained  constant,  the 
equalized  pressure  was  taken  as  the  "sero  time"  pressure 
used  in  calculating  film  thicknesses.  If  pressure  dropped, 
fluorine  was  allowed  to  remain  in  the  system  until  no 
further  pressure  change  could  be  noted, and  the  fluorine 
standardization  was  repeated. 
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(12)  The  system  was  evacuated  and  purged  with  nitrogen, 

(13)  The  powder  was  removed  and  examined. 

(14)  The  equipment  was  cleaned  by  dipping  in  dilute  HCl, 
washing  with  water, and  drying. 


When  runs  were  made  at  -297® F,  slight  modifications  in 
procedure  were  necessary.  The  vapor  pressure  of  fluorine 
at  -297®  F  is  approximately  12  psig.and  when  fluorine  is 
introduced  into  the  first  volume  of  the  apparatus  at  50  psig, 
the  fluorine  condenses,  and  the  quantity  of  material  introduced 
cannot  be  calculated  from  the  ideal  gas  laws.  It  was,  therefore, 
necessary  to  introduce  the  initial  fluorine  charge  into  the  liquid 
oxygen  bath,  allow  30  minutes  for  cooldown,  and  then  open  the 
valve  between  the  volumes  to  equalize  the  pressure,  whichdropped  to 
about  1/2  an  atmosphere. 


The  quantity  of  fluorine  consumed  in  tlie  reactions  can  be 
calculated  from  ti)e  ideal  gas  law: 


n 


PV 

RT 


gm-mol 


(1) 


If  the  initial  quantity  of  fluorine  in  the  system  is  known, as  well 
as  the  final  quantity,  the  fluorine  reacted  is: 


Nk  =  Nj  -  Nj 


Z,HT, 


P2_V2 

Zj  RTj 


(2) 


At  low  pressures, it  nuy  be  assumed  tliat  Z|  =  Z,  =  The 
system  is  held  at  constant  temperature,  so  Tj  =  T2.  Assuming 
that  when  fluorine  reacts  with  a  metal  powder,  the  volume  of 
the  powder  and  the  system  do  not  increase;  Vj  s  Vj.  The 
fluorine  it  iurther  assumed  to  combine  with  the  po^er  with 
the  only  result  being  a  decrease  in  the  system  pressure, which 
is  used  to  measure  the  quantity  of  fluorine  imcted: 


Np 


Vt  (Pi  “  P2) 

R~T 


(3) 
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The  weight  of  fluorine  reacted  is:  Wp  =  Np  moles  x  38  gm/mol 

W  ^  38  (Pj  >  Pg)  (4) 

R  T 

where:  Np  =  gm-moles  fluorine  reacted 
R  =  Universal  gas  constant 
T  =  Absolute  temperature 
P  =  Pressure 
V  =  Volume 

Wp  =  Weight  fluorine  reacted 
38  =  Molecular  weight  of  fluorine 


At  standard  conditions,  38. 0  grams  of  gaseous  fluorine  occupy 
22, 400  cc  at  760  mm  Hg  absolute  and  492**  R  so  that: 


^  _  (22,400)  (760) 
(492) 


Substituting  in  Equation  (4) 

(492)  (38)  (Vt)  (Pi  -  P2) 
(22,400)  (760)  T 


W 


F 


(5) 


.  1.1x10-3  VtAP 


(6) 


gm 


where:  Vj 


Void  volume  of  the  system  (water  volume  less 
the  volume  of  the  powder) 


ZkP  =  Pressure  reduction  in  the  system  caused  by 
reaction ;  Pi  -  P2- 
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The  film  thickness  in  Angstroms  may  now  be  directly 
calcuUitod: 


<Wf) 

A? 


=  (M^f)  (Wp)  Angstroms 

(Mp)  (a)  (Wj.)  ( ^  ) 

(7) 


where: 


d 


M 


MF 


Mp 

A 


a 


Film  thickness  in  Angstroms 

Molecular  weight  of  metal  fluoride  formed  by 
reaction. 

Molecular  weiglU  of  fluorine  =  38  gm/gm-mol 

Total  area  of  the  powder  being  tested  in  square 
mete  rs  =  a  Wg 

Specific  surface  area  square  meters/gm 
WeiglU  of  the  powder  sample  -  gms 
DtMisity  of  Uie  metal  fluoride  gm/cc 


The  specific  surface  areas  of  the  ijowders  tested  were  determined 
by  the  B.  E.T,  method  (  2  ).  The  areas  were  very  small  and 
problems  associated  with  the  technique  are  discussed  later. 

Using  mono!  |K>wder  as  an  ex4imple  and  substituting  the  following 
values  directly  into  Equation  (7). 

a  -  0.0165mVi;«« 

(monel  fluoride.  70^>  N  jF2  -  30*1^  CUF2)  = 

98. 1  gm/gm-inol  (calculated) 

O  -  8.  78  gin/cc 


d  monel  -  (98.1)  (10^)  (Wp) 

(0. 0165)  (38. 0)  (8. 78)  (10^  )  (Wg) 

^  Wp 

9. 4  X  10^  —  Angstroms 


(8) 


Combining  Equation  (8)  with  Equation  (6): 

A  <1  A  P 

d  monel  -  (9.  4  x  lO'*)  ( 1. 1  x  lO'^)  - - 

T  Wg 


VtAP 

T-W, 

(9) 


Knowing  V'p,  T,  and  Wg,  the  film  thickness  nuy  be 
calculated  at  any  time  during  the  reaction  by  noting  the 
system  pressure. 


The  sensitivity  of  any  measurement  depends  on  how  well  pressure 
is  measured.  The  pressure  gauge  used  was  readable  to  1  1  mm  Hg 
and  presented  the  limitation  of  measurement.  Using  100  gms  of 
monel  as  an  example  at  a  system  of  +86“  F.with  a  system  void 
volume  of  130  cc,  the  sensitivity  of  measurement  is: 


(103)  (130)  (2) 
(546)  (100) 


0. 49  Angstroms 


(10) 


The  system  is  mure  sensitive  at  higher  temperatures 

at  ♦  183“  F.  the  sensitivity  is  0. 42  X 

at  -113“F,  the  sensitivity  is  0.77  X 

at  -297“  F,  the  sensitivity  is  1.97  X 

Based  on  the  above  sensitivities  and  other  possible  stmroes  of 
ex|K’rimental  error,  a  run  was  considered  reproducible  if 
results  agreed  to  within  i  1  Angstrom. 
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Several  preparatory  experiments  were  necessary  to  determine  a 
convenient  sample  size  and  system  volumes  for  these  runs.  Coils 
were  introduced  into  the  system  to  give  appropriate  volumes  in 
tile  two  parts  of  the  system. 

The  accuracy  of  results  depended  on  how  well  all  of  the  terms  in 
Equations  (6),  (7),  and  (8)  could  be  measured.  Molecular  weights 
and  densities  could  lie  gotten  from  standard  handbooks  and  by 
appropriate  calculations.  Pressure,  temperature,  volume,  and 
sample  weights  are  measured  by  routine  techniques.  Measurement 
of  surface  area  of  powders  was  a  more  difficult  problem. 

The  areas  of  the  powders  were  measured  by  a  standard  technique 
called  the  B.  E.  T.  method  (  2 ).  It  relies  on  the  adsorption  of 
molecular  layers  of  gas  on  the  powder  surface.  From  the 
quantity  of  gas  adsorbed  and  molecular  thickness  of  the  gas  on 
the  surface,  the  area  of  a  sample  can  be  calculated.  The 
''ceuracy  of  results  is  improved  as  the  surface  area  of  the 
sample  is  increased.  The  lower  limit  of  the  method  is  accepted 
to  be  1,0  The  areas  of  the  samples  used  proved  to  be 

considerably  snialler,and  this  makes  the  absolute  values  of  the 
results  subject  to  question. 

It  was  desirable  to  check  whether  system  pressure  or  sample 
size  affected  the  results.  All  runs  were  made  below  1  atm  abs* , 
so  that  should  leaks  develop,  they  would  be  into  the  system, 
rather  than  out.  It  was  not  known  whether  the  fact  that  the 
pressure  in  the  system  was  constantly  decreasing  during  a 
rxin  would  affect  the  rate  of  film  formation.  To  check  this, 
several  runs  were  made  with  monel  ixmdcr  at  486°  F  at 
system  pressure.s  ranging  from  202  mm  Hg  abs  to  541  mm 
Hg  abs.  Similarly,  runs  were  made  with  samples  of  monel 
ranging  from  54. 2  gm  to  137. 0  gms  to  sec  if  sample  size 
affected  results. 


Results 

Fifty-one  runs  were  made  to  determine  the  fluoride  film  thick¬ 
nesses  on  10  metal  powders  at  four  temperatures.  Metals 
studied  included:  aluminum,  brass,  copper,  monel,  nickel, 


tyt)es  304,  316,  347,  310  stainless  steels,  and  titanium.  The 
temperatures  investigated  were  +183®  F  (below  boiling  water), 
+86"  F  (above  ambient),  -113®F  (dry  ice  in  trichloroethylene), 
and  -297"  F  (liquid  oxygen).  Film  thicknesses  were  small  and 
were  in  all  cases  less  than  200  A.  Table  Vm  summarizes 
results  of  all  runs  made.  Figures  6  through  D  compare  film 
thicknesses  on  10  metals  at  each  of  the  temperatures.  Figures 
11  through  15  compare  the  films  formed  on  each  powder  at 
different  temperatures. 

Results  with  monel  powders  indicated  that  the  film  thickness 
formed  in  one  hour  was  approximately  the  same  regardless 
of  the  tem))erature  of  tlie  run.  At  initial  system  pressures  of 
541  mm  Hg  abs  and  312  mm  Hg  abs,  results  were  identical 
(Figure  1  ).  At  202  mm  Hg  abs  there  was  less  reaction 
between  the  monel  and  gaseous  fluorine  than  at  higher 
pressures.  Using  samples  weighing  81.25  gm  to  137.0  gm, 
results  were  comparable,  but  with  a  54.2  gm  sample,  the 
film  formed  appeared  greater  than  for  larger  samples. 

Tables  IX  and  X  summarize  the  films  formed  on  the  10  metal 
powders  in  one  hour,  2. 5  hours,  and  at  the  end  of  the  run  for 
various  temperatures. 


i 
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D.  EXTENDED  IMMERSION  OF  TENSILE  SPECIMENS  IN  LIQUID  FLUORINE 

Numerous  tests  have  been  conducted  to  determine  the  corrosion  rate  of 
metals  in  liquid  fluorine  and  results  indicated  that  the  corrosion  rate  was 
extremely  small.  The  next  step  was  to  determine  the  effect  of  liquid 
fluorine  on  the  mechanical  pro|)erties  of  nietals.  The  experiments  in 
Uiis  section  were  designed  to  compare  the  changes  in  mechanical  pro- 
l>erties  of  metals  immersed  in  liquid  fluorine  for  one  year  to  similar 
s|M*cimens  immersed  in  liquid  nitrogen  (or  the  same  period  by  tensile 
testing  snail  samples  after  exposure. 

1.  Ex|)eri mental  A{qaratus 

An  aiquratus  was  designed  to  hold  60  tensile  s|)eclmens  under  liquid 
fluorine  for  one  year  in  a  leak-tight  system.  The  liquid  flutv'itie 
container  was  nade  from  2-4**  nominal  diameter  schctlule  4(»  srainless 
steel  pltN?  caps  and  a  short  length  of  pipe  (Figure  19)  weld^  together. 

A  nozzle  of  |  *  stainless  steel  pipe  was  welded  to  the  top  of  the 
sample  container.  Two  1/4"  monel  valves  with  metal-to-fuetal 
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seals  were  "teed"  together  and  connected  to  the  nozzle  witli  1/4" 
stainless  ruliing  wcIilcJ  to  tlic  side.  These  values  isolated  the  con¬ 
tainer  from  a  series  of  manifolds  (Figure  20)  which  could  be  used 
for  introducing  fluorine,  removing  fluorine,  introducing  nitrogen 
or  helium,  or  evacuating  the  container.  The  system  was  protected 
by  a  400  psig  copper  rupture  disc  in  the  nozzle  of  the  container  in 
a  line  which  exliausted  to  a  20  foot  deep  lime  pit  used  for  fluorine 
disposal. 

Sijocial  tensile  s|)ecimens  were  machined  from  1/4"  rod  to  fit  into 
the  fluorine  container  (Figure  21).  A  special  rack  was  made  to 
hold  the  specimens  upright  in  the  container  (Figure  22).  The 
holes  in  the  rack  were  drilled  so  that  the  liquid  fluorine  could 
easily  flow  between  the  rack,  container,  and  siiecimens.  Each 
hole  was  numerically  coded  with  hole  no.  1  identified  by  a  punch 
mark  so  that  tlie  stiecimens  could  be  identified  by  their  position 
in  the  rack. 

In  order  tlut  a  large  number  of  sfiecimens  could  be  tested  in  one 
relatively  small  ap))aratus  requiring  a  nominal  quantity  of  liquid 
fluorine,  the  specimens  liad  to  be  made  snialler  than  standard 
si^ecimens.  Special  adapters  made  from  3/4"  bolts  were  made 
to  allow  the  s|)ecial  specimens  to  fit  into  a  standard  tensile  test 
nuchine.  Each  S|)ecimen  was  necked  down  by  0.001  inch  Ui  the 
center  so  that  it  would  break  at  this  point  (Figure  21). 

The  liquid  fluorine  container  was  placed  in  a  large  flanged  Dewar 
vessel.  The  nozzle  of  the  container  was  welded  to  the  cover  flange 
of  the  Dewar  t<j  hold  it  upright  and  centered  in  the  Dewar.  Tlie 
Dewar  was  placed  in  a  large  Ixix  insulated  with  glass  wool  uikI 
lo(*ated  behind  an  oak  barricade.  The  liquid  level  in  the  Dewar 
was  mea.sur<Hl  and  controlled  by  a  differential  pressure  controller 
which  opemd  a  stdetiotd  \alve  to  introduce  liquid  nitrogen  when 
the  level  dniiqHd  Ixdow  the  top  of  the  S|>ecimens  in  the  container. 

With  liquid  fluorine  in  the  container  and  liquid  nitrogen  in  the  Dewar, 
the  pressure  in  the  cmitainer  was  Uic  vapor  pressure  of  liquid  fluorine 
at  -320" F. 
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DurinR  the  tost  ixM’itxt.  60  tensile  test  specimens  consisting  of 
5  samples  of  12  metals  were  kept  immersed  in  liquid  fluorine  in 
the  container,  and  60  were  kept  in  liquid  nitrogen  in  the  Dewar. 

The  twelve  metals  studied  included:  304  and  410  annealed  stainless 
steels,  hi-strength  steel-Armco  Ph  15-7  Mo  annealed,  hard  electrolytic 
copjx'r,  types  1100-1114  and  6061-T6  aluminum,  nickel,  monel, 
types  A  110  AT  and  C  120  AV  annealed  titanium,  and  type  AZ-31  and 
HK“31  magnesium. 

2.  Experimental  Procedure 

All  comjxments  in  the  system,  including  the  tensile  specimens, 
were  thoroughly  degreased,  cleaned,  and  dried.  All  but  the  specimens 
were  {passivated  in  gaseous  fluorine  before  being  eX{)osed  to  liquid 
fluorine.  The  samples  were  carefully  weighed  and  placed  in  assigned 
s|jaces  in  the  s{K*cimen  rack.  They  were  finally  placed  in  the 
container  and  the  cap  w  s  welded  to  the  vessel.  The  system  and 
{Piping  were  assembled  in  place  and  all  joints  were  leak  tested. 

When  no  leaks  could  be  detected,  the  Dewar  cover  flange  was 
iKplted  down  and  the  Dewar  was  insulated.  From  this  point  on, 
all  o{perations  took  place  from  behind  the  barricade  using  ’’peep 
*  holes"  and  long  stem  valves  for  observation  and  control. 

The  entire  system  was  thoroughly  purged  with  dry  nitrogen  and 
fnuilly  evacuated.  On  August  29,  1960,  the  Dewar  was  hlled  with 
liquid  nitnpgen  and  five  {KPunds  of  fluorine  were  slowly  condensed 
in  to  the  fluorine  container.  The  fluorine  cylinder  from  which 
the  fluorine  was  taken  was  weighed  before  and  after  filling  the 
ctmtainer  to  determine  the  weight  of  fluorine  added. 

The  liquid  nitrogen  level  in  the  Dewar  was  checked  daily  and  addi¬ 
tional  liquid  was  added  to  keep  the  Dewar  full.  A  coiniplete  daily 
record  was  ke|it  of  tlie  liquid  level  in  the  Dewar  and  the  pressure 
in  the  fluorine  container  to  assure  tlut  the  rupture  disc  renpuined 
intact  and  tliat  the  system  lud  not  develu]R>d  leaks.  The  one  year 
lest  |M>ritpd  passed  without  incident  and  witJp  a  minimum  amount  of 
attention. 

On  August  29.  1961.  the  anniversary  of  Ihe  initiatiun  of  the  test, 
the  liquid  level  in  the  nitrogen  Dewar  was  allowed  to  drop.  Dry 
nitr«igen  was  blown  tlircpugli  the  liquid  to  liasten  evajporalion.  As 
the  liquid  level  dromKHl,  the  fluorine  container  began  to  warm  and 
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the  pressure  slowly  increased.  When  the  pressure  in  the  container 
reached  7  psig,  tlie  discliargc  valve  to  the  lime  pit  was  cracked 
open.  A  careful  record  was  kept  of  the  exact  position  of  the 
discharge  valve  to  maintain  7  psig  in  the  fluorine  container  during 
the  time  of  disposal. 

After  about  24  hours,  the  pressure  in  the  container  could  no  longer 
be  held  at  7  psig  and  the  fluorine  was  assumed  to  have  vaporized. 
The  container  was  purged  5  times  with  dry  nitrogen  by  pressurizing 
to  15  psig  and  bleeding  off  the  pressure.  Finally,  vacuum  was 
drawn  on  the  system. 

At  this  point,  the  rupture  disc  on  the  container  failed.  Water  which 
had  accumulated  in  It''  lime  disposal  pit  after  a  rainfall  was  drawn 
into  the  container  by  the  vacuum  pump.  As  soon  as  this  happened, 
the  vacuum  pump  was  turned  off,  the  fluorine  container  was 
removed  from  the  system,  the  container  was  opened,  the  samples 
were  removed,  dried,  and  weighed. 

With  the  fluorine  container  removed  from  the  system,  a  nitrogen 
line  was  tied  to  the  valve  through  which  the  fluorine  had  been  bled 
from  the  system.  The  valve  was  then  calibrated  by  measuring 
the  flow  of  dry  gaseous  nitrogen  through  the  valve  at  different 
positions.  The  nitrogen  calibration  was  used  to  calculate  the 
total  volume  of  fluorine  that  had  been  bled  from  the  system. 

As  well  as  could  be  determined  by  this  measuring  technique, 
sufficient  fluorine  was  present  in  the  system  at  the  conclusion 
of  the  run  to  have  immersed  the  specimens. 


3.  Results 

The  tensile  specimens  which  were  immersed  hi  liquid  fluorine  were 
weigiied  in  Uie  '*as'*is"  condition  and  again  alter  thorough  cleaning. 
These  data  are  shown  in  TiibleXIl  for  each  specimen  and  summarized 
(by  average)  in  Table  XXll . 

In  all  cases,  the  corrosion  rate  was  less  than  1  mil  in  one  year 
(based  on  weight  difference  after  cleaning).  Foreign,  hairlike 
growtlis  were  found  on  some  specimens,  probably  caused  by 
electrolytic  action  and  these  were  cleaned  from  the  specimens 
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with  a  tooUibrush  and  soapy  water  before  final  weighing.  The 
corrosion  rates  rejxjrted  are  only  approximate  as  cleaning  of  the 
specimen  threads  was  difficult  and  traces  of  matter  may  have 
remained  in  some  cases.  Magnesium  AZ-31  corroded  most. 

The  corrosion  was  less  tlian  0.01  mils  h\  one  year  for  304 
stainless  ste-^l,  Armco  PH  15-7  Mo,  nickel,  monel,  and  copper. 
These  data  indicate  tliat  there  is  negligible  corrosion  for  Uje 
12  metals  tested  in  liquid  fluorine. 

The  120  tensile  specimens  were  tested  on  a  standard  tensile  test 
machine  with  a  Tinius  Olson  Stress  Strain  Recorder  by  Lehigh 
University  (Fritz  Laboratory).  There  were  no  significant 
differences  in  mechanical  properties  between  samples  immersed 
in  liquid  nitrogen  and  liquid  fluorine.  Long  term  exposure  to 
cold  temperature  (-320® F)  appeared  to  improve  tensile  properties 
over  the  handbook  values.  The  data  showing  tensile  properties 
of  each  of  120  specimens  as  submitted  by  Lehigh  University  are 
presented  in  Table  XIV.  Results  are  summarized  (by  average) 
in  Table  X  V. 
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III.  DISCUSSION  OF  RESULTS 


A.  FLUORINE  CONTAMINANTS 


The  contaminants  present  in  fluorine  include  gaseous  products  generated 
in  the  electrolytic  manufacture  of  fluorine  and  those  resulting  from  the 
reaction  of  fluorine  with  various  equipment  and  system  contaminants. 

HF  and  OF2  are  produced  from  moisture,  SiF4  from  glass,  SF0  and 
SO2F2  from  impure  hydrogen  fluoride,  CO2  and  COF2  from  impure 
electrolyte,  and  CF4  from  carbon  electrodes.  SiF4  may  have  been 
generated  in  a  glass  collecting  apparatus  and  when  a  monel  cell  was 
substituted  for  glass,  the  SiF4  content  of  fluorine  analyzed  decreased 
sharply. 

After  some  difficulty  in  eliminating  leaks  from  the  purification  system 
and  analytical  apparatus,  contaminant -free  fluorine  was  prepared.  It 
is  now  felt  that  on  a  large  scale,  hyper-pure  fluorine  may  be  routinely 
prepared.  Gaseous  fluorine  should  be  passed  through  a  sodium  fluoride 
scrubber,  condensed  at  liquid  nitrogen  temperatures,  filtered,  and 
collected.  The  distillation  of  the  fluorine  is  necessary  to  remove 
soluble  contaminants  and  non*>condensables  including  nitrogen  and 
oxygen  if  these  are  objectionable.  It  is  of  primary  importance  that 
the  purification  system  be  leak-free. 

It  is  more  practical  to  produce  pure  fluorine  than  to  purify  contaminated 
fluorine.  This  may  be  accomplished  by  using  pure,  dry  electrolyte  in 
the  fluorine  cell,  adding  pure  HF  to  the  electrolyte  when  make-up  is 
required,  and  keeping  the  fluorine  handling  system  clean. 

• 

Most  contaminants  are  insoluble  in  liquid  fluorine  except  for  OF2  and 
CF4.  Carbon  tetrafluoride  is  an  inert  material  but  OF2  is  fairly 
corrosive  and  is  a  potential  oxidizer.  At  the  time  of  these  tests, 

OF2  was  not  commercially  available  so  the  material  was  prepared  in 
the  test  units  by  the  method  of  Lebeau  and  Damiens  (7)  and  elaborated 
on  by  Ruff  and  Menzel  (8).  The  material  was  of  high  purity  but  the  exact 
analysis  was  not  determined  because  a  sample  with  known  composition 
was  not  available  for  comparison.  The  material  must  be  handled  care¬ 
fully,  especially  as  a  gas  at  high  pressure  (200  psi). 
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The  solubility  of  HF  in  liquid  fluorine  was  measured  to  be  less  than 
0.  5%  by  gas  blending  and  condensation.  However,  it  has  been  found 
that  less  than  0.  2%  HF  in  fluorine  will  precipitate  from  the  liquid. 

In  all  probability,  the  solubility  is  much  lower.  Traces  are  found  in 
almost  all  fluorine.  It  forms  when  traces  of  moisture  contact  gaseous 
fluorine.  It  is  not  corrosive  in  liquid  fluorine  or  at  temperatures  where 
it  is  a  solid  (freezing  point  =  -1 18*  F),  but  in  the  liquid  or  gaseous  state 
it  causes  severe  corrosion.  Most  of  the  corrosive  action  of  fluorine 
may  be  attributed  to  the  presence  of  HF  in  gaseous  fluorine,  to  moist 
surfaces  contacted  by  gaseous  fluorine,  or  gaseous  fluorine  allowed  to 
contact  atmospheric  moisture. 


B.  REACTIONS  WITH  FLUORINE  ON  METAL  SURFACES 

Visual  observation  of  metals  in  liquid  fluorine  indicated  that  the  fluorine 
does  not  attack  metal  surfaces.  The  presence  of  solid  contaminants  also 
does  not  cause  corrosion.  However,  when  the  fluorine  is  vaporized  and 
the  samples  warm,  the  solids  migrate  to  the  metal  surfaces  and  cling 
much  as  a  ring  forms  around  a  bathtub.  Once  on  the  surface  and  warmed 
so  that  they  vaporize,  they  seem  to  react  with  the  metal  to  form  a  film. 
Corrosive  materials,  such  as  HF,  would  be  most  harmful.  These 
observations  show  that  metals  do  not  react  with  liquid  fluorine,  even 
if  contaminants  are  present,  and  explain  why  the  corrosion  rate  of 
metals  in  liquid  fluorine  is  extremely  low,  even  after  prolonged 
exposure.  However,  if  a  metal  is  subjected  to  cycles  of  liquid  and 
gaseous  fluorine,  the  gas  phase  corrosion  could  become  a  problem 
if  contaminant-free  fluorine  is  not  used. 

The  removal  of  oily  films  from  metal  surfaces  by  exposing  them  to 
gaseous  fluorine  or  C 1 F3  is  not  a  satisfactory  means  of  passivating 
a  dirty  surface  prior  to  exposing  it  to  liquid  fluorine.  Reaction  between 
the  gas  and  oil  is  incomplete  and  traces  of  carbon  or  fluorinated  oil 
remain.  These  nmy  be  relatively  inert  to  gaseous  fluorine  but  could 
react  explosively  with  the  liquid  (13). 

Short  term  immersion  tests  of  metal  samples  in  liquid  fluorine  indicate 
that,  in  most  cases,  the  metals  tested  exhibited  negative  weight  changes 
for  very  short  immersion  times,  while  for  the  longer  periods  of  e3q[X>sure 
weight  changes  were  positive.  A  possible  explanation  for  the  weight  loss 
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is  the  initial  formation  of  a  fluoride  film  accompanied  by  dissolution 
of  this  film  in  the  liquid  fluorine.  Electrical  conductivity  measurements 
of  liquid  fluorine  saturated  with  various  fluoride  salts  showed  a  very  low 
conductivity  (13  &  14)  indicating  that  either  the  fluorine  solutions  of 
fluoride  salts  are  non-ionic,  or,  if  solutions  are  partially  or  totally 
ionic,  the  number  of  ions  present  is  small.  If  non-ionic  solutions  are 
formed,  solubility  will  be  expected  to  be  low,  as  illustrated  by  Hildebrand's 
solution  equation: 

Ina  =  f  -L  -  iTl  (11) 

R  \_T„  T  \ 

where: 

a  =  mole  fraction  of  salt  in  a  saturated  solution 
Hf  =  heat  of  fusion  of  the  salt 
R  =  universal  gas  constant 
Tm  ~  melting  point  of  the  salt  (abs  units) 

T  =  system  temperature  (abs  units) 

Typical  values  for  these  variables  are: 

Hf  -  2000  cal/gm  mol 
R  =  2  cal/gm  mol  deg  K 
Tnj  =  1300*  K 
T  =  78*K 

substituting  in  Equation  (11) 

2000  r  1 

'  2  ^1300 

a  =  5. 78  X  10"®  mole 

saturated  liquid  fluorine  solution. 


78*]  * 


0641 


fraction  of  salt  in  a 
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The  dissolution  ol  a  surface  film  of  metal  fluoride  would  be  halted  in 
a  short  period  of  time  due  to  saturation  of  the  liquid  fluorine.  This 
would  account  for  the  negative  weight  changes  observed  for  very  short 
('xposure  times.  When  the  fluorine  became  saturated,  the  protective 
film  could  grow  to  some  limiting  thickness  which  would  account  for 
positive  weight  changes  observed  for  longer  exposure  times.  The  above 
calculated  value  of  "a"  may  be  compared  to  the  experimental  value  by 
considering  the  case  of  a  typical  metal  exposed  to  liquid  fluorine  for 
15  minutes.  A  typical  weight  loss  for  a  sample  is  -0. 1  mg  or  1  x  10'^  gm. 
The  volume  of  liquid  condensed  in  the  cell  Is  about  33  cc.  The  density  of 
liquid  fluorine  is  1.  5  gm/cc,  so  the  weight  of  condensed  fluorine  is  roughly 
50  gm  corresponding  to  1.3  gm-moles.  The  number  of  gm-moles  of  metal 
dissolved  is  2  x  lO"®.  The  mole  fraction  dissolved  is  2  x  10'®/^' 3  = 

1.  5  X  10~6,  which  is  the  same  order  of  magnitude  as  the  above  calculated 
value.  B;ised  on  the  limited  accuracy  of  these  sample  calculations,  it  can 
be  seen  that  trace  quantities  of  metal  fluoride  may  have  dissolved  in  the 
liquid  fluorine.  However,  the  weight  changes  involved  in  these  experiments 
are  so  small  that  it  is  difficult  to  determine  whether  the  changes  were 
caused  by  corrosion  or  by  inaccuracies  in  weighing. 

The  increase  in  weight  changes  for  metal  samples  exposed  to  OF2  over  the 
weight  change  for  similar  specimens  exposed  to  cylinder  fluorine  suggests 
that  OF2  in  liquid  fluorine  accelerates  corrosion.  This  increase  is  very 
small  and  may  have  been  caused  by  inaccuracy  in  weiring  or  other 
uncontrolled  conditions  rather  than  by  corrosion.  It  is  evident  that  short 
term  immersion  of  specimens  in  fluorine  contaminated  with  up  to  10%  of 
OF2  will  not  present  a  serious  corrosion  problem.  However,  until 
exposure  tests  of  longer  duration  are  run  to  verify  this  observation,  it 
is  advisable  to  avoid  the  use  of  OF2-contaminated  fluorine. 


C.  FLUORIDE  FILM  STUDIES 
1 .  Electron  Diffraction  Studies 

The  reason  that  electron  diffraction  techniques  could  not  be  used  to 
measure  fluoride  film  thicknesses  X'i  that  the  limit  of  this  technique 
is  about  30  A.  Fluoride  films  on  aluminum  are  usually  much  smaller. 
The  fact  that  an  oxide  film  was  observed  instead  of  fluoride  film 
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indicates  that  the  "protective  fluoride  film"  formed  on  metal  surfaces, 
protects  the  metal  from  further  attack  by  fluorine,  but  does  not  protect 
the  surface  from  other  agents.  Metal  fluorides  tend  to  hydrolyze  and 
absorb  moisture.  This  action  often  converts  the  film  to  an  oxide  and 
liberates  HF.  The  film  is  so  thin  that  little  water  need  be  contacted 
with  it  to  destroy  it.  Atmospheric  humidity  usually  is  adequate  to  do 
the  damage  as  was  demonstrated  in  tests  with  metal  powders  (discussed 
later)  and  the  time  of  contact  required  is  small.  It  Incomes  a  necessity 
to  measure  fluoride  films  without  allowing  the  atmosphere  to  contact 
the  film  which  almost  necessitates  making  measurements  in  situ  in 
the  apparatus  where  the  film  is  formed.  The  problems  involved  in 
selecting  an  instrument  to  measure  fluoride  films  from  1  to  200 
Angstroms  in  situ  are  many.  The  studies  of  fluoride  film  formation 
on  metal  powders  appeared  to  be  the  most  practical  approach  to  the 
problem. 


2.  Reaction  of  Metal  Powders  with  Gaseous  Fluorine 


The  primary  observation  from  this  study  is  the  low  thickness  of  the 
apparent  fluoride  films  formed  on  metal  powders.  Most  of  the  film 
formed  very  rapidly  in  the  first  few  minutes  of  exposure.  In  one  hour 
the  reaction  rate  dropped  to  a  small  fraction  of  the  rate  of  the  first 
iiiinutes.  The  rate  thereafter  remained  almost  constant  for  several 
hours  and  after  one  day  was  barely  detectable. 

The  above  behavior  of  metal  powders  was  observed  at  temperatures 
of  +183“  F,  +86“ F,  and  -113“ F.  The  film  thickness  calculation  was 
based  on  pressure  change  with  time  as  fluorine  reacted  with  the  metal. 
Because  reaction  between  metal  powders  and  gaseous  fluorine  is 
extremely  rapid  during  the  first  seconds  of  exposure,  the  zero 
time  pressure  was  determined  at  the  end  of  a  run,  after  reaction 
with  the  powders  had  ceased.  The  zero  time  pressure  was  called 
the  "fluorine  standard"  and  was  obtained  by  exact  duplication  of 
conditions  of  the  run,  but  without  there  being  any  reaction  between 
the  powder  and  the  fluorine.  "Nitrogen  standards"  were  also  taken 
before  and  after  the  passivation  and  agreed  with  the  fluorine  standard 
to  within  1%. 


The  behavior  of  metal  powders  at  -297®  F  was  different  than  their 
behavior  at  higher  temperatures.  All  evidence  indicates  that 
adsorption  of  gas  on  metal  powder  surfaces  at  -297®  F  takes 
place.  When  the  gas  standards  were  taken  at  -297® F,  the  system 
pressure  dropped  for  about  30  minutes  and  remained  constant. 

The  pressure  drop  with  time  for  the  ten  metals  studied  is  presented 
in  Figures  16  through  18. 

It  can  be  seen  that  the  gas  standardization  steps  and  the  reaction 
step  are  closely  parallel  curves.  The  system  pressure  drops  as 
gas  is  adsorbed  on  the  metal  powder.  The  pressure  drop  caused 
by  reaction  between  fluorine  and  metal  powders  may  be  calculated 
from  the  difference  in  pressure  of  the  fluorine  standard  at  any  time 
and  the  corresponding  pressure  of  the  system  during  reaction. 

Film  thicknesses  at  15,  30,  and  60  minutes  have  been  calculated 
in  this  manner  and  are  presented  in  Table  XI  .  It  can  be  seen 
that  in  some  cases  negative  film  thicknesses  were  calculated  and 
in  some  cases  the  film  thickness  grew  smaller  with  time.  These 
results  represent  an  unreal  situation.  They  are  caused  for  the 
following  reasons: 

a.  The  effect  of  adsorption  is  much  larger  than  the  effect  of 
reaction  and  obscured  the  extent  of  reaction. 

b.  The  results  are  based  on  small  differences  between  large 
numbers  which  are  variable  and  changing  with  time. 

c.  The  sensitivity  of  measurement  is  low  at  low  temperatures. 

d.  The  adsorbed  gas  may  not  have  been  completely  removed 
from  the  metal  powders  after  the  first  adsorption, 

e.  Apparently  "zero  time’*  conditions  were  not  duplicated  with 
sufficient  accuracy. 

Based  on  results  of  experimental  work,  it  may  be  concluded  that 
if  any  reaction  occurs  between  gaseous  fluorine  and  metal  powders 
at  -297®  F,  it  is  very  small  and  does  not  continue  beyond  the  first 
30  minutes  of  exposure. 
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It  should  be  noted  that  in  Run  64,  titanium  did  react  chemically  with 
gaseous  fluorine.  When  40  gm  of  titanium  powder  were  reacted  with 
gaseous  fluorine  at  -297*' F  and  an  initial  pressure  of  302  mm  Hg  abs, 
the  pressure  dropped  to  2  mm  Hg  abs  in  seven  minutes.  This  pressure 
drop  was  due  to  chemical  reaction  and  not  due  to  adsorption  of  gaseous 
fluorine  on  the  metal  surface. 

The  measurement  of  the  surface  areas  of  metal  powders  was,  perhaps 
the  most  critical  pluse  of  these  exi^eriments.  The  Brunauer-Emmett- 
Teller  or  B.  E.T.  method  (2)  was  used  for  this  determination.  Although 
this  procedure  is  widely  used  for  area  determination,  its  useful  range 
is  1  to  1000  square  meters  per  gm  of  sample.  The  accuracy  is 
greatest  for  largest  areas. 

In  the  case  of  metal  powders  used  in  these  experiments,  the  measured 
areas  were  in  all,  but  one  case,  less  than  1  m2/g*«  and  in  2  cases 
less  tlian  0. 1  mVgm.  In  this  range  of  areas,  small  inaccuracies 
appear  magnified  and  tlie  reproducibility  of  the  results  becomes 
questioiuble. 

It  was  felt  Uiat  measuring  surface  areas  of  metal  powders  before  and 
after  reaction  with  gaseous  fluorine  would  give  some  indication  of 
whether  the  surface  had  been  affected  by  the  fluorine.  Results  of 
these  measurements  indicated  that  there  was  a  wide  variation  in 
the  'before”  and  "after”  e.xposure  areas.  Since  u;e  cause  of  this 
variation  was  not  exactly  known,  it  was  decided  to  use  a  ’’standard” 
area  for  calculation  and  comparison  purposes.  These  ’’standard” 
areas  are  listed  in  Table  XVI  and  were  determined  from  measurerntnUs 
nude  with  fresh  samples  before  exposure  to  fluorine.  It  must  be  noted 
that  the  areas  are  the  result  of  a  single  measurement.  In  usiiig  these 
’’standard”  areas  for  calculations,  it  was  assumed  thiit  (1)  the 
measurements  were  correct,  and  (2)  the  samples  taken  were  from 
the  same  container  were  uniform  and  representative  of  the  entire 
contents  of  the  container. 

An  IndeiK'iident  study  of  the  limitations  of  the  B.  E.T.  metluxl  for  area 
determinations  indicated  tliat  measurements  on  metal  ix^wders  would 
yield  only  ordcr-of- magnitude  results.  The  differences  in  "before” 
and  'after'  ex|K)sure  areas  probably  occurred  because  the  method 
was  not  sensitive  enough  to  give  accurate  results.  The  experimental 
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results  of  area  measurements  to  determine  film  thicknesses  on  metal 
|K)wders  supports  tliis  conclusion.  The  variation  in  ’’before”  and 
’’after”  results  was  not  caused  by  fluorine  affecting  the  areas.  The 
areas  of  two  independent  samples  of  monel  powder  from  the  same 
container  were  measured  in  the  fresh  condition.  Results  differed 
by  32%.  Non-uniformity  of  the  powder  did  not  cause  this  variation. 
This  was  demonstrated  in  8  runs  made  with  monel  powder.  Using 
a  ’’standard”  area  to  calculate  film  thickness  on  monel,  the  1  hour 
films  were  in  most  the  same  thickness  even  though  the  runs  were 
niiide  with  different  sample  weights  at  different  temi)eratures  and 
pressures.  These  results  could  not  have  been  achieved  if  the  samples 
tested  were  not  uniform.  Area  measurements  on  monel  samples 
varied  from  -32%  to  120%)  of  the  ’’standard”  area.  Using  the 
•’standard”  area,  results  of  film  thickness  measurements  are 
comparable  even  if  not  precise. 

A  list  of  ’’standard”  areas  is  presented  in  Table  XVI  and  a  list  of 
’’after  exposure”  areas  is  presented  in  Table  XVn  along  with 
percent  deviation  from  ’’standard”  areas. 

The  appearance  of  metal  powders  after  exposure  to  gaseous  fluorine 
showed,  upon  careful  examination  under  a  microscope,  that  they 
were  generally  less  light-reflective  and  darker  than  fresh  samples. 

It  was  quite  dUficult  to  differentiate  between  exposed  and  fresh 
samples,  even  when  they  were  placed  side  by  side.  Aluminum 
ixjwders  had  a  whitish  tint  after  exposure  which  may  have  been 
due  to  fluoride  or  oxide  films.  Exposed  copper  samples  were 
somewtiat  darker  titan  fresh  samples.  Copper  powder  ex]X)scd 
at  4.183°  F  had  a  greenish  tint.  This  sample  was  stored  in  a  glass 
jar  which  later  became  badly  etched,  presuntably  by  HF  release 
from  the  iwwder.  A  cop|>er  powder  exposed  at  -113*  F  turned 
purple.  Some  powders  were  caked  upon  removal  from  the  sample 
t'cll.  In  some  instances  the  powders  had  to  be  sc  rafted  from  the 
cells  and  this  usually  remov^  metal  fluorides  which  had  formed 
on  the  walls  of  the  monel  sample  holder. 

In  early  runs,  microscopic  examination  of  selected  ftowders  removed 
from  the  sample  cell  after  exfxtsurc  to  gaseous  fluorine  indicated 
Uie  presence  of  large  crystals  assumed  to  be  fluorides.  These 
crystals  were  of  various  colors  and  did  not  necessarily  correspond 
to  the  color  of  Uie  fluoride  of  the  metal  being  studied.  Suspecting 
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system  contamination  to  be  present,  a  small  micron  stainless  steel 
Hoke  filter  was  installed  just  ahead  of  the  sample  holder.  Subse 
quently,  no  crysUils  were  found  in  the  exposed  powders  indicating 
that  fluorides  formed  in  the  system  liad  fallen  into  Uie  powder 
samples.  There  was  never  positive  identification  of  fluoride 
crysUils  in  the  exposed  mehil  ixjwders,  probably  because  the 
films  formed  were  so  thin  that  the  crystals  formed  were  too 
small  for  microscopic  identification. 

It  has  been  noted  that  any  significant  reaction  l)otween  tr^seous 
fluorine  and  metal  jyowders  ceases  after  one  or  more  dayt:  of 
exposure.  Ujx)n  initial  exposure  to  gaseous  fluorine,  reaction 
IS  too  rapid  to  note  the  "zero  time"  system  pressure.  A  "fluorine 
standard  ”  was  established  to  determine  this  pressure.  The  "stiindard" 
was  obtained  after  a  sample  was  exjwsed  to  fluorine  for  a  day  or  more 
after  which  time  the  system  pressure  varied  by  2  mm  Hg  or  less  j)er 
hour.  The  fluorine  was  evacuated  from  the  system  and  the  sample 
was  re-exposed  to  the  same  quantity  of  fluorine  which  liad  been  used 
in  the  previous  reaction.  This  was  done  without  peniiig  or  otherwise 
disturbing  the  system.  The  "fluorine  standard"  agreed  within  1%  of  a 
"nitrogen  standard". 

Several  runs  were  made  to  determine  the  durability  of  the  protective 
fluoride  film  formed  on  metal  ix)wders  after  their  exposure  to  gaseous 
fluorine.  Samples  which  had  been  exix>sed  to  fluorbie  were  removed 
from  the  sample  holder  for  examination  After  about  one  hour  of 
exposure  to  the  atmosphere  they  were  returned  to  the  sample  holder 
and  again  exiHised  to  fluorine  under  the  same  conditions  as  previously. 
In  all  ca.ses,  these  samples,  which  k  li  b>'en  inert  to  the  gaseous 
fluorine  while  taking  the  "fluorine  standard"  reacted  with  the  fluorine. 
During  the  second  reaction,  less  fluorine  was  consumed  than  during 
Uie  first  reaction,  but  Uie  reaction  was  sufficiently  large  to  indicate 
tiuit  the  protective  film  was  not  protecting  Oie  iMiatler.  The  quantity 
of  fluorine  consumed  during  first  and  second  ex)X)sures  of  selected 
samples  is  compariKl  in  Table  XVin. 

A  |)ossible  explanation  of  the  reactUm  of  e.xposiKl  samples  with 
fluorine  was  that  during  the  first  ex|)osure  the  fluorine  gas  was 
contacting  only  a  portion  of  the  powder  a)id  removal  of  the  sample. 
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accomiKinled  by  agitation,  exposed  fresh  surfaces.  To  determine 
whether  agitation  of  the  samples  exposed  fresh  surfaces,  the  sample 
holder  was  removed  from  the  system  at  the  conclusion  of  a  run  and 
agitated  without  removing  the  sample.  When  the  sample  holder 
containing  the  powder  was  returned  to  the  system  and  again 
exposed  to  fluorine,  there  was  little  reaction.  This  observation 
lead  to  the  conclusion  that  agitation  alone  was  not  responsible  for 
reaction  of  exi)osed  jwwders  with  fluorine.  The  major  factor 
causing  the  second  reaction  was  expected  to  l)e  atmospheric 
moisture  reacting  with  the  exposed  powders  when  they  were 
removed  from  tlie  sample  cell. 

A  test  was  made  to  determine  the  extent  of  moisture  adsorption  by 
metal  fluorides.  A  metal  fluoride  powder,  MgF2,  was  selected  for 
study.  This  material  was  expected  to  be  inert  to  gaseous  fluorine. 

By  exposing  it  to  fluorine,  the  moisture  on  the  powder  would  react 
to  passivate  the  powder.  When  reaction  ceased,  tlie  MgF2  could  be 
ex|)os€‘d  to  the  atmosphere  and  allowed  to  adsorb  moisture.  Re¬ 
exposure  of  the  powder  to  fluorine  would  allow  this  moisture  to 
react  and  the  fluorine  consumption  would  be  a  measure  of  the 
moisture  pickup. 

The  MgF2  used  for  this  experiment  had  an  initially  high  moisture 
content.  The  moisture  was  finally  removed  after  heating  the  sample 
with  an  oxy-acetyleue  torch  and  repeatedly  exposing  it  to  fluorine 
when  there  was  no  reaction  lietween  the  MgF2  and  fluorine,  the 
|M)wder  was  removed  from  the  sample  holder  and  exposed  to  the 
atmosphere  in  the  same  nunner  as  had  been  done  with  metal  powders. 
When  the  MgF2  was  again  exposed  to  fluorine,  several  times  volume 
of  the  system  was  required  to  |xtssivate  tlie  sample,  indicating  that 
the  MgF2  liad  picked  up  a  large  quantity  of  atmosplieric  contamination. 

A  rough  check  on  the  water  absorbing  tendency  of  metal  fluorides  was 
made  by  heating  .samples  of  MgF2,  CuF2  *  2H2O,  and  NiP2  ’  4H20  to 
500“  F  to  rerar»ve  moisture,  weighing  them,  and  leaving  them  exposed 
to  the  atnuts|)here  oveniight.  The  CuF2*  BHgO  gave  ort  HF  fumes  upon 
heating  and  was  converted  to  CuO.  The  other  samples  gained  weight 
after  overnight  exftu.sure  to  the  atmosphere.  The  hygroscopic  nature 
of  metal  fluorides  was  thus  confirmed. 
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It  was  concluded  from  these  observations  that  the  fluoride  film 
formed  on  metal  iwwders  is  !wdrolvzed  and  destroyed  by  exposure 
to  atmospheric  humidity.  Re-exposure  to  fluorine  results  in  reaction 
of  the  moisture  with  the  fluorine  and  the  formation  of  a  new  film. 
Since  the  damage  to  the  film  by  humidity  is  not  instantaneous,  all 
of  the  film  was  not  destroyed  when  the  powders  were  examined  and 
the  quantity  of  fluorine  reacted  upon  second  exposure  depended  on 
the  extent  of  deterioration  of  the  film. 

It  has  been  reported  earlier  (13,  14)  that  moisture  in  a  fluorine 
system  accelerates  corrosion.  The  fluorine  reacts  with  water  to 
produce  HF,  which  is  highly  corrosive.  When  samples  immersed 
in  liquid  fluorine  are  warmed  to  room  temperature,  there  is  a  gas 
pliase  reaction  which  causes  the  shiny  surface  to  become  dull.  This 
same  reaction  may  occur  if  metal  powders  are  exposed  to  gaseous 
fluorine  which  is  contaminated  by  HF.  The  fluoride  film  formed 
would  be  caused  by  the  reaction  with  HF  rather  than  reaction  with 
fluorine.  At  -297**  F,  HF  is  solid  and  does  not  react  with  metals. 

The  temperature  of  -li;i*  F  is  close  to  the  freezing  point  of  HF 
(-118°  F)  and  little  reaction  is  expected  between  the  HF  and  metal. 

At  +86”  F  and  +183®  F  the  temperature  is  above  the  boiling  point  of 
HF  (67®  F)  and  HF  becomes  a  highly  corrosive  gas. 

Moisture  in  the  system  comes  from  two  sources,  moist  samples  and 
leaks.  To  assure  that  the  samples  were  dry,  they  were  heated  to 
450®  F  while  vacuum  was  being  drawn  on  the  system.  The  system 
was  leak-checked  before  each  run  and  it  was  usually  possible  to 
nuintain  the  system  at  less  tlian  100  microns  when  drawing  vacuum. 
Nevertlieless,  there  was  the  possibility  that  minute  leaks  were 
present  or  could  develop  over  Uie  period  of  the  runs  which  lasted 
a  day  or  more. 

In  several  runs,  analysis  of  residual  gas  in  the  system  after  a 
sample  had  been  ex{K)sed  to  fluorine  showed  large  {Xircentages 
of  HF  to  be  present.  The  presence  of  HF  imy  be  explained  by 
calculating  the  snull  quantities  of  water  in  the  system  which  would 
be  requircHi  for  Uie  production  of  HF.  Since  the  apparatus  is 
submerged  in  a  water  bath,  water  would  enter  the  system  if  Uiere 
were  any  leaks.  Assume  the  following  reaction: 

F2  >  H2O  -  2HF  +  1/2  O2  (12) 
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In  a  system  with  a  void  volume  of  130  cc,  an  initial  fluoride 
pressure  of  600  mm  at  86“ F,  tlie  quantity  of  fluorine  present 
is,  from  Equation  (6); 

Wf  -  =  0.157gmF2  (13) 


-  0.00413  gm  moles  F2 

B;»sed  on  Equation  (6),  let  x  =  number  of  moles  of  fluorine  which 
react  with  water.  Assume  all  water  is  reacted  to  produce  HF  +  O2. 

On  the  basis  of  1  mole  of  fluorine  at  the  start,  there  are  1  -  x  moles 
of  F2  remaining  after  tlie  reaction  2x  moles  of  HF  and  l/2x  moles 
of  O2.  The  final  quantity  of  gas  is  1  +  1. 5x  moles  of  gas.  The  ratio 
of  HF  in  the  gas  is  2  x  /  (1  +  1. 5x).  !f  this  ratio  is  10%  (0. 1)  HF 

2x  % 

=  0.1  and  X  -  0.054  (14) 

1  +  1.  5x 

or  5. 4%  fluorine  is  required  to  react  with  water  to  produce  10%  HF 
in  the  filial  gas.  In  most  cases,  50%  of  tlie  fluorine  charged  reacts 
with  tlie  metal  powder.  For  the  remaining  gas  to  analyze  10%  HF, 
the  qmintity  of  water  necessary  for  reaction  with  fluorine  is: 

Wh„o  =  (0-054)  (0.5)  (0.00413)  (18)  =  0.002  gm  or  ml 

(15) 

It  is  {xissible  that  Uiis  small  quantity  of  water  could  enter  the  system 
during  a  run  without  being  detected.  The  residual  gas  analysis  noting 
tiie  quantity  of  HF  present  is  indicated  in  Table  VIII.  In  many  instances 
it  was  imixissible  to  get  residual  gas  analyses  because  Uie  IR  sample 
cells  were  lieing  rc()aired  to  eliminate  leaks. 

The  fact  tliat  tittle  or  no  HF  is  present  in  Uie  residual  gas  does  not 
mean  tlut  HF  was  not  produced  during  the  reaction.  It  is  ixissiblo 
tliat  HF  did  form  but  reacted  wiUt  the  metal  powder  and  was  mostly 
consumed. 
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There  nuy  have  been  several  simultaneous  effects  in  the  system  which 
affected  results: 

a.  Pressure  drop  due  to  reaction  of  fluorine  with  metal  powders, 

b.  Pressure  rise  due  to  reaction  of  moisture  with  gaseous 
fluorine. 

c.  Pressure  drop  due  to  reaction  of  HF  with  metal  powders 
(expected  between  stainless  steels  and  HF). 


It  has  been  noted  that  the  pressure  drop  in  the  system  is  most 
predominant.  If  reaction  between  water  and  fluorine  takes  place, 
the  calculated  film  thickness  is  too  small.  Despite  the  possibility 
of  side  reactions,  the  effect  of  HF  on  the  film  thicknesses  had  to  be 
neglected  in  the  calculations  because  of  the  following  reasons: 

It  was  impossible  to  measure: 

a.  The  rate  of  HF  formation  in  the  system 

b.  The  extent  of  reaction  of  HF  with  the  powders  was  unknown 

c.  The  extent  of  reaction  of  HF  with  system  components 

d.  The  source  of  HF  (i.e.  whether  it  was  formed  prior  to  a  run, 
during  a  run,  or  during  sampling  of  residual  gas  for  analysis). 

There  appears  to  be  no  correlation  between  the  behavior  of  metal 
powders  with  gaseous  fluorine  at  different  temperatures  and  this 
may  be  attributed  to  the  effects  of  HF  on  the  experiments.  The 
effect  of  HF  on  system  pressure  may  be  considered  by  re-examining 
Equation  (14). 


Let  F  =  fraction  of  fluorine  reacted  to  yield  HF.  Rewriting  Equation 
(14) 


2x 

1  1.5x 


F 


(16) 


or 


*  *  2  -  1.5F 
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From  the  percent  HF  in  the  residual  gas,  it  is  possible  to  calculate 
how  much  fluorine  reacted  to  form  HF,  The  effect  on  the  system 
pressure  is  that  the  pressure  rises  by  1.5  times  the  fluorine 
consumed.  Taking  the  example  of  10%  HF  in  residual  gas,  5.4% 
of  the  fluorine  reacted  and  the  system  pressure  rose  by  8.1%.  In 
a  system  with  600  mm  Hg  abs  initial  pressure  with  50%  of  the 
fluorine  reacted  with  metal  powder,  the  pressure  change  due  to 
HF  formation  is 

600  X  0.  5  X  0. 054  x  1.  5  =  24. 3  mm  Hg  (17) 

From  Equation  (10),  a  2  mm  error  in  pressure  reading  resulted  in 
an  error  of  0. 49  angstrom.  In  this  case  the  error  caused  by  10% 

HF  in  the  residual  gas  is  about  6  angstroms.  The  effect  of  HF 
depends  on  the  quantity  of  fluorine  reacted,  the  residual  system 
pressure,  the  prccent  of  HF  in  the  residual  gas,  and  the  reaction 
temperature.  While  the  comparison  of  films  formed  at  different 
temperatures  may  not  be  good  for  the  powders  studied  because  of 
differences  between  numbers,  the  order  of  magnitude  of  results  is 
certainly  valid.  It  may  be  seen  from  Table  XVm  that  the  films 
formed  on  the  powders  were  of  the  same  order  of  magnitude.  , 

There  is  more  variation  among  the  stainless  steels  as  they  are 
more  susceptible  to  HF  attack  than  the  other  metals  studied. 

More  precise  results  could  be  obtained  if  additional  studies 
were  made. 

In  general,  all  the  metals  studied  are  satisfactory  in  corrosion 
resistance  to  gaseous  fluorine.  Judgment  of  superior  corrosion 
resistance  cannot  be  based  on  these  tests.  The  fact  that  one  metal 
forms  less  film  in  one  hour  than  another  does  not  indicate  superior 
corrosion  resistance  since  the  film  nnay  continue  to  form  indefinitely. 
There  is  also  no  basis  for  making  corrosion  comparisons  for 
materials  where  only  a  few  surface  molecules  react  with  tlie 
corrosive  medium. 

In  discussing  the  ten  metal  powders  studied,  it  is  convenient  to 
group  them  according  to  their  physical  nature  and  point  out 
similarities  in  their  chemical  behavior. 
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These  metals  are  useful  because  of  their 
high  strength  to  weight  ratio. 

At  -ns* ,  aluiniiy^m  formed  a  film  of  6. 5  X  in  one  hour  which 
increased  to  163  A  after  118  hours.  This  unusually  larger  increase 
in  film  thickness  after  5  days  of  exposure  indicates  that  the  film 
was  not  entirely  protective  and  allowed  tlie  reaction  to  continue. 
This  behavior  at  -113®  F  is  similar  to  Uiat  for  monel  and  nickel. 

At  +183®F,  the  test  apparatus  developed  a  leak  too  small  to  detect 
by  snap-testing  or  vacuum  testing  (by  holding  system  vacuum). 

Yet,  after  the  initial  101  minutes  of  exposure,  the  system  pressure 
began  to  rise  rather  than  fall.  The  residual  gas  contained  75%  HF 
which  could  only  have  come  from  water  leaking  into  the  system.  At 
86®  F.  the  one  hour  film  of  4  A  increased  to  139  A  after  4  days,  con¬ 
trasting  the  reaction  at  -113®  F. 

Titanium  powder  reacts  violently  with  gaseous  fluorine.  While  it 
has  been  demonstrated  that  solid  metal  test  strips  of  titanium  will 
ignite  in  liquid  fluorine,  the  reaction  is  not  self  propagating.  This 
is  not  the  case  with  metal  powders  in  gaseous  fluorine.  When 
reaction  was  started  between  titanium  and  ga;  eous  fluorine  at 
+86®  F,  -113®  F,  and  -297®  F,  the  reaction  did  not  stop  until  most 
of  the  fluorine  was  consumed.  The  reaction  at  86®  F  MS  exvjiosive 
and  at  otlier  temperatures  less  \iolent.  Duplicai '  runs  wc:.,  made 
with  titanium  and  gaseous  fluorine  at  -113®  F  and  -297"  I'  using 
snuller  samples  than  had  been  used  in  the  cases  where  all  the 
fluorine  had  been  consumed.  With  snull  samples,  titanium 
behaved  much  as  other  powders.  This  observation  leads  to  tlie 
conclusion  tliat  with  large  samples,  tii  ■^'e  is  sufficient  heat  of 
reaction  to  cause  Uie  reaction  to  coat  -'  ue.  With  small  samples, 
the  cooling  effect  of  Uie  constant  temperature  batlj  removes  most 
of  the  heat  of  reaction  rapidly  enough  to  slow  the  reaction.  After 
the  initial  few  seconds,  a  protective  film  tuis  formed  on  the  titanium 
which  prevents  further  violent  reaction.  It  is  e.x|x*cled  that  the 
larger  the  area  per  unit  volume  of  tiU.nium  and  the  |K)orer  are 
conditions  to  draw  away  tieat  of  r  action,  Uie  more  likely  is  a 
sample  to  burn  in  gaseous  fluorit  At  these  worst  conditions, 
it  is  expected  tlmt  Uie  reaction  between  fluorine  and  metal  will 
continue  until  either  is  consumed.  It  is  not  anticiimted  that  this 
type  of  reaction  could  occur  with  ordiitary  structural  members 
made  of  titanium  because  the  area  to  volume  ratio  is  small. 
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Brass  «inrf  Cop|)er:  These  metals  are  useful  for  cryogenic  service, 
are  inexpensive  and  readily  available,  and  easy  to  join  using  ordinary 
soldering  or  brazing  nuterials. 

The  Ixjhavior  of  brass  is  influenced  by  its  copper  content.  Very 
small  films  formed  on  brass.  The  maximum  one  hour  film  was 
5.6  X  at  *86“ F  reaching  Ha  after  three  days.  In  a  duplicate  run 
at  the  one  hour  film  was  3.3X  and  10  A  after  two  days, 

indicating  that  results  witJi  this  powder  are  reproduci  ble.  Yellow 
brass  was  used  for  runs  at  -113*F  and  +86“ F  after  which  the 
supply  was  exhausted.  Red  brass  was  used  for  runs  at  +183*F 
and  -297“  F.  Because  of  dissimilarities  of  the  two  samples  and 
inaccuracies  in  area  measurements,  results  with  different  samples 
are  not  comparable.  However,  the  tendency  of  this  metal  to  form 
very  small  one  hour  films  which  do  not  increase  appreciably  with 
time  is  evident  from  the  results. 

Copi)er  sliowed  similar  behavior  to  brass  when  exposed  to  gaseous 
fluorine.  The  films  formed  on  copj)€r  were  Uucker  than  those  on 
brass.  Runs  were  considered  reproducible  at  +86“  F  with  the  curves 
showing  film  Uiickness  formation  with  time  almost  |)aralle)  for  four 
days  of  exiwsure.  At  all  temperatures,  the  film  thickness  at  the 
end  of  the  runs  were  2  to  4  times  the  one  hour  films  indicatii^ 
little  apprecuible  increase  in  film  after  long  ex)}osure. 


Ikith  copper  and  brass  liave  been  successfully  used  in  gaseous 
fluorine  service.  Their  resistance  to  HF  is  good  and  an  important 
consideration  in  tlieir  use. 


Monel  and  Nickel:  These  metals  iiavo  exeeUenl  corrosion  resistant 
projiertles  and  are  suiUni  for  u.se  at  cryogenic  temperatures. 

Monel  jiowders  were  studied  more  than  all  other  me^al  ptiwders. 
Results  were  found  nmroducible  in  that  the  film  th+ckness  after 
three  hours  was  9  ^  1  a  at  different  lemjiemtures,  presiiures. 
and  sample  sizes.  The  film  thickness  reached  this  v^lue  most 
rapidly  at  •1B3''F  and  most  slowly  at  -113“  F.  At  a  ti'educed  initial 


])rcssurc  of  fluorine  |?n8  of  202  mm  Hg  abs,  less  reaction  occurred 
than  at  higher  pressures.  At  312  mm  Hg  abs  reaction  was  the  same 
as  at  higher  pressures.  The  pressure  where  less  reaction  is  first 
noted  is  probably  about  1/3  atm  abs.  Using  samples  half  the  usual 
weight,  there  seemed  to  be  more  film  formed.  This  small  size 
seemed  to  be  the  minimum  size  samples  which  could  be  run  without 
introducing  appreciable  error  into  results.  At  -113®F,  the  film  at 
the  end  of  28  hours  reached  167  X  which  was  a  twenty  fold  increase 
over  the  film  in  2.  5  hours.  The  behavior  of  monel  at  this  temperature 
was  similar  to  that  of  nickel  in  that  an  appreciable  increase  in  film 
thickness  is  noted  after  prolonged  exposure  at  -113®  F.  At  tem¬ 
peratures  of  +86®  F  and  +183®F,  the  film  was  only  3  to  4  times  the 
one  hour  thickness. 

Nickel  formed  relatively  thin  films  based  on  long  exposures  despite 
the  fact  that  the  one  hour  film  of  10. 3  A  .at  +86®  F  was  the  largest 
one  hour  film  of  all  powders  at  that  temperature.  The  film  reached 
only  15. 8  A  after  25  hours.  A  new  batch  of  powder  was  used  for 
runs  at  -113®  F  and  -297®  F  making  results  at  these  temperatures 
and  higher  temperatures  non -comparable  because  of  uncertainties 
in  area  measurement.  At  -113®  F  there  was  more  than  a  tenfold 
increase  in  film  from  the  one  hour  value  to  after  25  hours;  this 
result  is  similar  to  the-one  for  monel  at  -113® F. 

Monel  and  nickel  have  been  consistently  used  in  fluorine  systems 
with  much  success  and  safety.  Their  resistance  to  HF  is  a  great 
asset  in  their  use  with  fluorine. 


Stainless  Steels:  This  group  of  alloys  have  similar  compositions 
and  chemical  properties.  Although  generally  used  because  of  their 
corrosion  resistance,  they  are  susceptible  to  halide  attack. 

The  chemical  compositions  of  the  four  types  of  stainless  steel 
studied  are  given  in  Table  XIX.  The  corrosion  resistant  properties 
are  dependent  on  the  constituents  of  the  metal  although  this 
relationship  has  not  been  studied  in  these  experiments. 
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Ty])e  304  stainless  steel  formed  its  most  stable  film  at  +86“  F.  The 
one  hour  film  increased  from  8  to  14X  in  one  day.  The  end-of-run 
films  at  other  temperatures  were  higher  than  for  other  metals  and 
this  was  a  typical  case  for  the  four  stainle^  steels.  At  +183®  F  the 
film  increased  from  I2X  in  one  hour  to  44A  after  a  day.  At  -113®F, 
304  stainless  steel  reacted  similarly  to  monel  and  nickel  with  the  one 
hour  film  of  sX  increasing  almost  ninefold  to  44  X  overnight.  It  is 
hard  to  blame  this  behavior  on  the  nickel  content  as  this  stainless 
steel  had  the  lowest  nickel  content  of  the  3  nickel-containing  stainless 
steels  studied  and  was  the  only  one  to  exhibit  the  large  increase  in 
film  at  -113“  F  after  prolonged  exposure. 

Type  316  stainless  steel  formed  films  which  did  not  increase  much 
after  continued  exposure  to  gaseous  fluorine.  The  greatest  percent 
increase  was  from  5X  in  one  hour  to  16. 7  X  in  one  day.  It  had  the 
least  film  of  the  stainless  steels  at  -113“  F.  At  +183“  F,  the  film 
inci'eased  least  of  all  metals  from  30. 8  X  in  one  hour  to  35,  4X  in 
4  days.  With  all  otlier  stainless  steels,  the  one  hour  film  tripled 
at  -113“  F  from  the  one  hour  value  to  the  end-of-run  value.  It 
probiibly  ranks  high  in  its  suitability  for  use  in  fluorine  service 
compared  to  other  stainless  steels. 

Type  347  stainless  steel  formed  the  least  film  of  the  stainless  steels 
at  *  183“  F  and  ‘86®  F.  The  one  hour  film  tripled  at  +183“  F  from 
9.3X  to  27. 8  X  in  39  hours.  At  +86“  F,  the  one  hour  film  increased 
from  5.  4X  to  11.  4X  overnight.  At  -113“  F,  the  one  hour  film  tripled 
from  13  to  41 X  in  28  hours.  This  metal  ranks  with  316  stainless 
steei  lor  use  in  fluorine  systems. 

Type  410  stainless  steel  contains  no  iuckel  and  formed  the  largest 
films  of  all  stainless  steels.  At  +183“F  the  one  hour  film  increased 
from  29. 3  to  90. 7  X  in  a  day.  At  +86"  F  the  one  hour  film  of  8,  sX 
reachwl  62, 8 X  in  3  days.  The  smallest  increase  of  one  hour  film 
a^-as  at  -113“F  where  U»e  one  hour  value  of  22.  iX  reached  only  25. 9  X 
in  a  <iuy.  This  small  increase  in  film  due  to  prolonged  e.xposure  at 
-113"  F  may  be  due  to  tlie  absence  of  nickel  in  the  alloy. 
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D.  EXTENDED  IMMERSION  OF  TENSILE  SPECIMENS  IN  LIQUID  FLUORINE 

The  one  year  exposure  of  metal  specimens  to  liquid  fluorine  verified  oUier 
results  which  indicated  that  there  is  little  corrosion  of  metal  specimens  in 
liquid  fluorine.  The  maximum  corrosion  of  0, 7  mils  in  one  year  (average) 
was  observed  for  Magnesium  HM-31. 

The  significance  oi  the  observation  that  the  tensile  properties  of  metals 
were  improved  after  immersion  in  a  cold  bath  at  -320®  F  should  be  con¬ 
firmed  with  additional  tests. 

If  metals  do  not  show  significant  corrosion  in  liquid  fluorine,  it  is  to  be 
expected  that  there  would  be  no  deterioration  of  tensile  properties  as 
was  demonstrated  in  these  studies.  A  decrease  in  meclianical  strength 
is  expected  for  these  metals  which  corrode  most.  Magnesium  HK-31 
cornxied  0.7  mils  in  liquid  fluorine  and  the  yield  strength  w'as  46,000  psi. 

The  yield  strength  for  samples  in  liquid  nitrogen  was  49,000  psi. 

Tile  percent  elongation  and  reduction  in  area  depend  somewhat  on  the 
rate  of  applying  load  to  Uie  tensile  specimens  when  they  are  "pulled” 
in  tlie  test  nuchine.  All  specimens  were  pulled  at  0.025  inches  per 
minute  until  yield  at  2%  elongation  and  then  at  a  rate  of  0. 10  inches  per 
minute  until  rupture.  Stress-strain  curves  were  automatically  plotted 
until  the  2%  elongation  load  was  reached. 

Although  the  specimens  were  necked  down  by  0.001  -  0.002  inches  in 
center  so  that  they  would  break  at  Uiis  point,  many  brokt  at  the  ends. 

These  were  the  specimens  which  had  ultimate  strengUis  very  close  to 
the  yield  strength.  Magnesium  specimens  had  ultimate  svrengths  of 
50.000  psi  and  yield  strengtlis  of  49,000  psi. 


IV,  CONCLUSIONS  and  RECOMMENDATIONS 

A.  FLUORINE  CONTAMINANTS 

The  contaminants  volatile  Ilian  fluorine  which  are  present  in  an 
average  fluoriiu'  cylinder'll'  lude:  CO2,  CF4.  HF.  SiF4.  SFg,  OF2. 
and  SO2F2.  Of  the^Ci  <)nly  CF4  and  OF2  are  soluble.  The  others, 
present  in  the  quafititrt>s  Ci  'md  in  cylinder  fluorine,  form  solids  if 
Uie  fluorine  is  liqneObd.  R  is  reiommended  tliat  Uiey  lie  removed  If 
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the  fluorine  is  to  be  liquefied  and  used  in  a  flow  system  as  they  may 
cause  plugging  of  valves  and  small  lines.  OF2  should  be  removed  as 
it  appears  to  increase  the  corrosion  rate  of  metals  in  fluorine  contami¬ 
nated  with  it. 

The  recommended  procedure  for  purifying  fluorine  to  100%  purity  is 

to: 

1.  Pass  gaseous  fluorine  through  a  sodium  fluoride  scrubbing  tower. 

2.  Liquefy. 

3.  Filter  through  a  fine  filter. 

4.  Distill  in  a  small  evaporator  to  remove  residual  contaminants. 

The  entire  purification  system  must  be  perfectly  leak-t.^iit.  The 
purified  fluorine  must  be  handled  in  evacuated  and  passivated 
equipment  equally  leak  free. 

The  solubility  of  CF4  at  -297*  F  and  -320*  F  is  40  mol  percent  and 
4.  5  mol  percent  res^ctSvely.  At  -320®  F,  OF2  is  soluble  in  quantities 
greater  tlian  10%.  Other  contaminants  are  insoluble. 

While  the  infra-red  technique  has  been  found  to  be  highly  satisfactory 
for  the  analysis  of  gaseous  fluorine,  other  methods  may  be  practical. 
Gas  chromatography  may  be  acceptable  if  suitable  column  and  detection 
teclmiques  are  used. 


B.  ItEACTIONS  ON  METAL  SURFACES 

Visual  observation  of  the  action  of  liquid  fluorine  on  metal  surfaces 
indicates  tliat  little  or  no  corrosion  occurs  in  the  liquid  phase.  Reaction 
was  observed  in  the  gaseous  phase.  It  is  concluded  tliat  tlie  gas  phase 
reaction  i.s  due  to  tlie  presence  of  contaminants.  It  is  recommended  that 
gaseous  fluorine  be  contaiutnant-free  to  reduce  {}ossible  corrosion.  The 
contaminatUs,  excefrt  for  appear  to  be  inert  in  the  liquid.  Liquefying 
aitd  eratKirating  fluorine  repeat^ly  in  a  metal  container  will  probably 
increase  tlie  corrosion  of  the  metal,  but  this  has  not  been  verified. 


. 


Traces  of  hydrocarbons  cannot  be  removed  from  metal  surfaces  by 
exixising  them  to  gaseous  fluorine,  CIF3,  or  mixtures  of  F2  and  CIF3. 
The  hydrocarbons  react  with  these  gases  but  are  not  converted  to  CF4 
and  HF  which  are  inert  to  liquid  fluorine.  Traces  of  carbon  and 
fluorinated  oils  are  pnxluced  which  could  react  explosively  with 
liquid  fluorine.  It  is  recommended  that  all  metal  surfaces  be 
meticulously  cleaned  before  exposing  them  to  liquid  fluorine  even  if 
the  surfaces  are  to  be  passivated  in  gaseous  fluorine.  This  passi¬ 
vation  technique  is  useless  for  removing  the  harmful  effect  of  oils, 
oven  though  it  may  remove  traces  ol  moi.sture.  The  technique  for 
cleaning  materials  for  oxygen  service  is  probably  satisfactory  for 
materials  to  be  used  with  fluf)rine  and  should  be  used. 

Short  term  immersion  tests  indicate  tliat  almost  all  corrosion  of  metals 
in  liquid  fluorine  occurs  in  the  first  minutes  of  exposure.  Serious  cor¬ 
rosion  does  not  occur  after  this  time  and  almost  all  metals  suitable  for 
cryogenic  ser\dce  can  be  used  safely  for  liquid  fluorine.  Oxygen 
difluoride  increases  the  corrosion  rate  of  metals  in  liquid  fluorine, 
but  not  sufficiently  to  create  a  safety  problem.  Nevertheless,  it 
should  not  Ije  present  in  liquid  fluorine  as  no  additional  corrosion 
in  liquid  fluorine  is  desirable. 


C.  FLUORIDE  FILM  STUDIES 

Gaseous  fluorine  is  adsorbed  on  metal  powders  at  -29'rF.  There 
appears  to  l)e  little  if  any  reaction  between  gaseous  fluorine  and 
metal  ix)wders  at  this  tenq)erature.  The  fluorine  nuiy  l)e  desorbed 
by  heating  the  pt)wder  to  room  temperaturt*  and/or  diawing  vacuum 
on  it. 

Passivation  of  metal  suiTaces  liefore  exposure  to  liquid  fluorine  is 
necessary  only  if  the  surface  is  susiwcted of  having  traces  of  contami- 
tunls  present.  Passivation  will  not  remove  hydrocarlxins  or  oils,  but 
it  may  eliminate  moisture  adsorlwd  on  the  metal  surfaces.  Apfiartmtly. 
film  formation  is  not  a  factm*  in  corrosion  resistance  *>1  meUils  ex|HJStHl 
to  fluorine  at  low  temjK'ratures  (<0'  F).  What  little  film  forms  is 
fornuHi  rapidly  and  in  several  minutes  reaches  more  Utan  Italf  the 
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value  attained  in  one  hour.  One  hour  fluoride  films  are  usually  h'ss 
than  100  A.  If  a  passivation  procedure  is  used,  the  time  of  exiJosure 
of  fluorine  required  to  Rive  passivation  protection  is  proljably  not  more 
than  one  hour.  Only  clean  systems  should  be  jxissivated  and  these  at  a 
hiph('r  temperature  and  pressure  than  contemplated  for  service.  Passi¬ 
vation  should  be  accomplished  as  the  prior  step  to  fluorine  service. 
Unless  the  jxtssivated  surface  is  kept  in  a  dry,  inert  atmosphere,  the 
benefit  of  passivation  to  form  a  protective  fluoride  film  are  lost.  If 
tlu'  passivation  has  as  its  purpose  to  clean  surfaces,  and  does  so,  th' 
clean  surface  will  be  preserved  better  in  a  dry, inert  atmosphere. 

Care  should  be  taken  in  using  tiUinium  in  a  fluorine  system.  The 
titanium  may  ignite  and  cause  a  violent  reaction.  However,  if  there 
is  a  small  surface  to  volume  ratio  of  metal,  the  heat  of  reaction  may 
conducted  away  from  the  point  of  ignition  rapidly  enough  to  prevent 
an  explosion.  TiUinium  may  be  used  more  safely  in  low  temperature 
syst('ms  than  in  high  temperature  ones  because  of  easier  heat  removal 
from  a  pi^ssible  reaction  site.  Thus,  the  temperature,  pressure,  and 
service  must  be  carefully  evaluated  before  titanium  is  selected  as  a 
material  of  construction  for  fluorine  service. 


D.  EXTENDED  IMMERSION  TESl’S 

Mechanical  properties  of  tensile  specimens  immersed  in  liquid  fluorine 
are  essentially  the  same  as  meclianical  properties  of  similar  specimens 
immersed  m  liquid  nitrogen  for  the  same  j)eriod.  The  meclianical 
strength  of  the  meUils  expo.sed  to  low  temix'ratures  apixared  to  be 
superior  to  nomiiul  handlxmk  values.  These  experiments  leuvt  to  the 
conclusion  tluil  all  of  the  metals  tested  are  satisfactory  for  liquid 
fluorine  systems.  The  .selection  of  materials  should  consider  their 
resistance  to  HF,  which  is  often  associated  with  liquid  fluorine.  Also 
to  lx  considered  are  cycling  between  gaseous  and  liquid  service, 
exjx'cted  system  cleanliness,  and  temperatuiv  cycling  of  the  sy.stem. 

The  corrosion  rate  of  metals  immersiHl  in  fluorine  is  e.\treiuely  low, 

(less  than  one  mil  in  one  year).  All  the  metals  studied  are  recommended 
for  liquid  fluorine  service  liased  on  static  corrosuni  require* me nts. 
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40  50  60  70  SO  90  100  HO  120  130  140  150 

TIME  OF  EXPOSURE  TO  FLUORINE  AT  BG^F  -  MINUTES 


r;«E  OF  EXPOSURE  TO  fluorine  at  86*F-H0URS 


TIME  OF  EXPOSURE  TO  FLUORINE  AT  -II3“F  -  MINUTES 


TIME  OF  esPOSURE  TO  FLUORINE  -MINUTES 


TIME  OF  EXPOSURE  TO  FLUORINE  -  MINUTES 


so  40  SO  60  ro  60  90  iOO  110  120  ISO  140  150  160  170  ISO  190  200  210  220  230  240 

EXPOSUf^  TO  ELUOmNE,  MINUTES 

Voriotion  of  Pilm  Thickness  on  Nickel  Potucders  to  Time  of  Exposure  to  Fluorine 


191049^^  liO  XK3  S^  £iO  SAI& 

t«>CU«C  t4l&  -  M«K|Tt% 
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TIME  -  MINUTES 


TIME  -  MINUTES 


TIME-'MINUTES 


RUN  66,  EXPOSURE  OF  GASEOUS  FLUORINE  TO 
ALUMINUM  POWDER  AT  -  297’’  F 


NUTES 


phase  -  p?  sto 


RUN  63,  EXPOSURE  OF  GASEOUS  FLUORINE  TO 


1IME-  MINUTES 


RUN  52, EXPOSURE  OF  GASEOUS  FLUORINE  TO 
NICKEL  POWDER  AT  -ZST^F 


EXPOSURE  OF  GASEOUS  FLUORINE  TO 


TIME  -  MINUTES 


FIGURE  18  b 


ME-MtNUTE 


FIGURE  18  c 

RUN  54, EXPOSURE  OF  GASEOUS  FLUORINE  TO 
MONEL  POWDER  AT-297«F 
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FIGURE  18  d 


TIME-MINUTES 
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Figure  19  Liquid  Fluorine  Container  for  Tensile  Specimens 


lUOJ&OI 


<4  X  28  THREADS/IN 
VOECP  - 


0.l90*0tAMCTER- 


MACMirtEO  LENGTH 
2'2- 


center  *2"  NECKED' 
DOWN  TO  o.iae* 


BOLTS  ®4'*X  2 
ORiLLED  AND  TAPPED 


FiQure21  Oiagrom  of  Typicot  Mochintd  Tonsilt  Spocimen 
usodfor  Oni-YoorlmmorsioA  Toftt 
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f  MtMt  22,  Rock  tof  Hoitf  iM  Tontilt  SpoCtMOM 
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DETERMINATION  OF  SOLUBILITY  OF  CONTAMINANTS  IN  LIQUID  FLUORINE 


Composition 

Temp. 

Run  Date 

of  Gas'  Mix 

•F 

Appearance 

Remark; 

t/25,26,2' 

1/30 

/  . 

Set  up  system  used  fo 

Explosion  at  filter 

F2  =  95% 

-320 

Liquid  clear  with  a  few  small  parti- 

CF4  =  5% 

cles  floating  in  the  liquid.  Liquid 

until  after  the  run.  L 

was  yellowish  orange  in  color. 

must  have  been  contai 

1/31 

F2  =94.3% 
CF4=  5.7% 

-320 

Liquid  was  clear  for  approximately 

15  minutes.  Fine  particles  were  then 

liquid  N2,  explaining 
orange  color. 

'l/l 

F2  =90% 

CF4  =  10% 

-320 

observed  In  the  liquid.  Liquid  was 
orange  in  color. 

Liquid  cloudy,  full  of  fine  particles. 

1 

2/6 

F2  =  93% 

-320 

Liquid  cloudy. 

After  condensation,  m 

CF4  =  7% 

appeared  until  approd 

2/7 

2/8 

F2  =  95% 
CF4=  5% 

F2  =  97% 

CF4  =  3% 

•320 

-320 

Liquid  was  clear  and  then  turned 
cloudy. 

Liquid  remained  clear,  no  solids 
noticeable. 

After  condensation  the 
contained  fine  particle 

2/9 

F2  =  95% 

CF4  =  5% 

-320 

Liquid  cloudy,  full  of  fine  particles. 

2/10 

F,  =  96% 

-320 

Liquid  clear. 

No  solids  appeared  un' 

CF4  =  4% 

mately  1/4  of  the  llqui 
away. 

2/13 

F2  »  95.  5% 

-320 

Liquid  clear. 

No  solids  appeared  uni 

CF4  -  4.  5% 

mately  1/2  of  the  Hqui 
away. 

8/8 

SIF4-  3% 

-320 

Liquid;  orange  In  color  and  cloudy. 

F2-97% 

White  eollde  along  aides  of  test  cell, 
the  depth  of  the  liquid.  Also  a  deposit 
on  the  bottom  of  the  cell.  The  vapor 
space  above  the  liquid  was  yellowish 

In  color. 

6/0 

SiP4-  1% 

-320 

The  appearaiiee  of  teat  cell  was  similar 

Fj  -  09% 

to  the  previous  test  (6^)  but  less 
soUds  were  observed. 

1 

6/13 

StP4  -  .  2% 

-320 

The  appearance  of  teat  cell  was  similar 

DIteovofod  a  Walu  Tu 

P.  -00.8% 

to  the  two  previous  Puns,  LsaaaoIMt 

paalmU 

than  In  teat  of  6/0. 

f 


TABLE  n 


TERMINATION  OF  SOLUBILITY  OF  CONTAMINANTS  IN  LIQUID  FLUORINE 
ion  Temp. 

lix  *  F  Appearance  Remarks 

....  Set  up  system  used  for  solubility  runs. 

I 

[o  -320  Liquid  clear  with  a  few  small  parti-  Explosion  at  filter  gasket  not  detected 
I  cles  floating  in  the  liquid.  Liquid  until  after  the  run.  Liquid  mixture 

was  yellowish  orange  in  color.  must  have  been  contaminated  with 

liquid  N2,  explaining  the  yellowish 
orange  color. 

.2%  -320  Liquid  was  clear  for  approximately  . 

1%  15  minutes.  Fine  particles  were  ^en 

observed  in  the  liquid.  Liquid  was 
orange  in  color. 


-320  Liquid  cloudy,  full  of  fine  particles. 


-320  Liquid  cloudy.  After  condensation,  no  particles 

appeared  until  approximately  15  minutes. 

-320  Liquid  was  clear  and  then  turned  After  condensation  the  mixture 

cloudy.  contained  fine  particles 

-320  Liquid  remained  clear,  no  solids  . 

noticeable. 

-320  Liquid  cloudy,  full  of  fine  particles.  . 


-320  Liquid  clear.  No  solids  appeared  until  approxi¬ 

mately  1/4  of  the  liquid  had  boiled 
away. 

-320  Liquid  clear.  No  solids  appeared  until  approxi¬ 

mately  1/2  of  the  liquid  had  boiled 
away. 


-320  Liquid;  orange  In  color  and  cloudy. 

White  solids  along  sides  of  test  cell , 
the  depth  of  the  liquid.  Also  a  deposit 
on  the  bottom  of  the  cell.  The  vapor 
tpace  above  the  liquid  was  yellowish 
In  color. 


-320  The  appearance  of  test  cell  was  similar 
to  the  previous  test  (0/8)  but  less 
solids  were  observed. 


The  appearance  of  test  cell  was  similar  Dlaeovered  a  leak*  Teat  will  be 
to  the  two  nrevlous  runs.  Less  sollda _ - — 


•JL/1 

F2  =  90% 

CF4  =  10% 

-320 

Liquid  cloudy,  full  of  fine  particles. 

2/6 

Fo  =  93% 

CF4  =  7% 

-320 

Liquid  cloudy. 

2/7 

F2  =  95% 

CF4  =  5% 

-320 

Liquid  was  clear  and  then  turned 
cloudy. 

2/8 

F2  =  97% 

CF4  =  3% 

-320 

Liquid  remained  clear,  no  solids 
noticeable. 

2/9 

F2  =  95% 

CF4  =  5% 

-320 

Liquid  cloudy,  full  of  fine  particles. 

2/10 

F,  =  96% 

CF4  =  4% 

-320 

Liquid  clear. 

2/13 

F2  =95.5% 
CF4  =  4.5% 

-320 

Liquid  clear. 

8/8 

SIF4*  3% 

F2  «  97% 

-320 

Liquid;  orange  In  color  and  cloudy. 

White  solids  along  sides  of  test  cell , 
the  depth  of  the  liquid.  Also  a  deposit 
on  the  bottom  of  the  cell.  The  vapor 
apace  above  the  liquid  waa  yellowish 
in  color. 

6/9 

SIP4*  1% 

Fj  ■  99% 

-320 

The  appearance  of  test  cell  was  similar 
to  the  previous  test  (6/8)  but  less 
solids  were  observed. 

6/13 

SIF4  -  .  2% 

Fj  -  99. 8% 

-320 

The  appearance  of  test  cell  was  similar 
to  the  two  previous  kuns.  Less  solids 
than  in  teat  of  6/9. 

"^6/15 

SIF4  -  .2% 

-320 

No  change  in  appearance  from  previous 
test  (6/13). 

6/17 

SFe-  3% 

F2  -  97% 

-320 

Liquid  appeared  cloudy.  White  solids 
on  sides  and  bottom  of  cell.  Vapor 
above  cell  appears  fellow. 

7/11 

SFe  -  1.3% 

F2  -  98. 7% 

-320 

Liquid  appeared  cloudy  as  it  condensed. 
White  aolids  on  bottom  of  the  cell. 

7/17 

SFe  -  0. 2% 
F2-99.8% 

-320 

No  solids  floating  in  liquid,'  iMit  liquid  is 
is  not  clear.  Solids  on  bottom  of  cell. 

7/17 

SPe  -  0. 1% 
F2-99.9% 

-320 

Liquid  full  of  fine  particles.  Solids 
on  bottom  of  cell. 

After  condenssitic 
appeared  until  a| 

After  condensation 
contained  fine  parti^ 


No  solids  appeared 
nutely  1/4  of  the  li 
away. 

No  solids  appeared 
mately  1/2  of  the  liq 
away. 


Discovered  a  leak, 
peated. 


7 


I 


-320  Liquid  cloudy,  full  of  fine  particles. 


-320  Liquid  cloudy. 

-320  Liquid  was  clear  and  then  turned 

cloudy. 

-320  Liquid  remained  clear,  no  solids 

noticeable. 

-320  Liquid  cloudy,  full  of  fine  particles. 


After  condensation,  no  particles 
appeared  until  approximately  15  minutes. 

After  condensation  the  mixture 
contained  fine  particles 


-320  Liquid  eVar. 


No  solids  appeared  until  approxi¬ 
mately  1/4  of  the  liquid  had  boiled 
away. 


-320  Liquid  clear. 


No  solids  appeared  until  approxi¬ 
mately  1/2  of  the  liquid  had  boiled 
away. 


-320  Liquid;  orange  in  color  and  cloudy. 

White  solids  along  sides  of  test  cell , 
the  depth  of  the  liquid.  Also  a  deposit 
on  the  bottom  of  the  cell.  The  vapor 
apace  above  the  liquid  was  yellowish 
in  color. 


-320  The  appearance  of  test  cell  was  similar . 

to  the  previous  test  (6/8)  but  less 
solids  were  observed. 

-320  The  appearance  of  test  cell  was  similar  Discovered  a  leak.  Test  will  be  re- 
to  the  two  previous  Iruns.  Less  solids  peated. 
than  in  test  of  6/9. 

-320  No  change  in  appearance  from  previous . 

test  (6/13). 

-320  Liquid  appeared  cloudy.  White  solids  . 

on  sides  and  bottom  oC  cell.  Vapor 
above  cell  appears  fellow. 

-320  Liquid  appeared  cloudy  as  it  condensed . 

White  solids  on  bottom  of  the  cell. 

-320  No  solids  floating  in  liquid,  but  liquid  is . 

is  not  clear.  Solids  on  bottom  of  cell. 

-320  Liquid  full  of  fine  particles.  Solids  . . 

on  bottom  of  cell. 
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PASSIVATION  OF  CONTAMINATED  METAL  SURFACES  WITH  FLUORINE.  CIF3,  and  F2 


Wt.  of  Wt.  of 
Hexadecanc  Residue 


Run 

No. 

Alloy 

Gas 

Used 

Pressure 

Before 

Exposure 

After 

Exposure 

Reaction* 

Violence 

Rem 

262 

Nickel 

F. 

19. 8*’  Hr. 

1. 1  mg. 

1.6  mg. 

None 

Thick  white  film 

263 

Nickel 

18  •*  Hg. 

1. 2  mg. 

.  05  mg. 

None 

Thick  white  film 

264 

Nickel 

F2 

18'‘  Hg. 

0.6  mg. 

.7  mg. 

None 

Thick  white  film 

265 

Nickel 

F2 

18"  Hg. 

1.  5  mg. 

2.6  mg. 

None 

Heavy  oil  preset 
thick  white  film. 

266 

Nickel 

^2 

CD 

X 

• 

1.9  mg. 

2.7  mg. 

Moderate 

Film  oil,  thick 

267 

Nickel 

^2 

18"  Hg. 

3. 1  mg. 

5.3  mg. 

Moderate 

Thick  layers  of 

268 

A1  6061 

^2 

10"  Hg. 

0. 2  mg. 

.2  mg. 

None 

No  change  visib 

269 

A1  1100 

^2 

10"  Hg. 

0.2  mg. 

.3  mg. 

None 

No  change  visib 

270 

A1  1100 

f2 

10"  Hg. 

8.7  mg. 

2. 5  mg. 

Moderate 

Oil  film  like  va» 

271 

A1  6061 

F2 

10"  Hg. 

5.6  mg. 

9.6  mg. 

Moderate 

Oil  film  like  vas 

272 

A1  1100 

F2 

10  pslg 

5. 1  mg. 

10. 1  mg. 

Moderate 

White  film.  1 

273 

A1  6061 

F2 

10  pslg 

15.4  mg. 

18.  5  mg. 

Moderate 

White  film,  spol 

274 

A-llO-AT 

F2 

10  pslg 

5. 7  mg. 

16. 4  mg. 

Moderate 

Thick  oil  film,  1 

275 

A-llO-AT 

F2 

10  pslg 

4. 4  mg. 

14.0  mg. 

Moderate 

Thick  oil  film,  1 

276 

A-llO-AT 

^2 

10  pslg 

13.0  mg. 

15.9  mg. 

Moderate 

Dish  black,  vthil 

277 

A-llOO 

F2 

1  aims. 

16. 2  mg. 

16. 4  mg. 

Moderate 

Dish  comptotelM 

278 

Nickel 

F2 

10  psl 

19. 5  mg. 

36.2*mg. 

Moderate 

Heavy  oil  film,  1 

279 

A-llO-AT 

'’2 

10  pslg 

14.8  mg. 

10. 2  mg. 

Moderate 

Circled  area  of  ■ 

280 

AL'llOO 

F2 

10  pslg 

12. 1  mg. 

IS.  5  mg. 

Moderate 

Black  scare,  I 

281 

Nickel 

P2 

10  pslg 

24. 7  mg. 

20. 1  mg. 

Heavy 

Black  acara  oal 

282 

A1  8081 

^2 

10  psl 

28. 2  mg. 

27. 1  mg. 

Moderate 

Black  heavy  giil 

283 

Nickel 

F2 

10  psi 

29.6  mg. 

26. 1  mg. 

Moderate 

Black  apota  oa  ■ 

284 

Nickel 

Fa 

10  psl 

SB,  2  mg. 

S4, 6  mg. 

Heavy 

Heavy  black  frl 

F, 

10  DSl 

19. 1  mg. 

SO.  4  mg. 

Moderate 

QoUiniiapveail 
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OF  CONTAMINATED  METAL  SURFACES  WITH  FLUORINE.  CIF3,  and  F2-CIF3  MIXTURES 


Wt.  of  Wt.  of 
Hexadecanc  Residue 


(ills 

Used 

Pressure 

Before 

Exposure 

After 

Exposure 

Reaction* 

Violence 

Remarks 

F, 

19.8" 

1.1  mg. 

1.6  mg. 

None 

Thick  white  film  on  dish. 

^2 

18  "  Hk. 

1.2  mg. 

.05  mg, 

,  None 

Thick  white  film  on  dish. 

^*2 

18"  Hg. 

0.  6  mg. 

.7  mg. 

None 

Thick  white  film. 

F2 

18"  Hr. 

1.  5  mg. 

2.6  mg. 

None 

Heavy  oil  present  on  both  corners, 
thick  white  film. 

’='2 

18"  Hr. 

1.9  mg. 

2.7  mg. 

Moderate 

Film  oil,  thick  white  film. 

1^2 

18"  Hr. 

3. 1  mg. 

5.3  mg. 

Moderate 

Thick  layers  of  oil,  white  film. 

F'2 

10"  Hr. 

0.  2  mg. 

.2  mg. 

None 

No  change  visible. 

f'2 

10"  Hg. 

0.  2  mg. 

.3  mg. 

None 

No  change  visible. 

F'2 

10"  Hg. 

8.7  mg. 

2. 5  mg. 

Moderate 

Oil  film  like  vasoline,  white  film. 

F2 

10"  Hr. 

5.6  mg. 

9.6  mg. 

Moderate 

Oil  film  like  vasoline,  white  film. 

F2 

10  pslg 

5. 1  mg. 

10. 1  mg. 

Moderate 

White  film. 

F2 

10  psig 

15.  4  mg. 

18. 5  mg. 

Moderate 

White  film,  spotted. 

F2 

10  psig 

5.7  mg. 

16. 4  mg. 

Moderate 

Thick  oil  film,  white  film. 

F2 

10  psig 

4.  4  mg. 

14.0  mg. 

Moderate 

Thick  oil  film,  white  film. 

^2 

10  psiR 

13. 0  mg. 

15.9  mg. 

Moderate 

Dish  black,  white  film. 

F2 

1  atms. 

16.  2  mg. 

16.4  mg. 

Moderate 

Dish  completely  black. 

F2 

10  psi 

19.  5  mg. 

36. 2 ‘mg. 

Moderate 

Heavy  oil  film,  white  film. 

^*2 

10  psig 

14. 8  mg. 

10.2  mg. 

Moderate 

Circled  area  of  black  coke  on  coupon. 

F2 

10  psig 

12. 1  mg. 

13.5  mg. 

Moderate 

Black  scare. 

F2 

10  psig 

24.7  mg. 

20. 1  mg. 

Heavy 

Black  scars  on  face. 

F2 

10  psi 

28.2  mg. 

27. 1  mg. 

Moderate 

Black  heavy  grit  on  fkce. 

F2 

10  psi 

20.6  mg. 

26. 1  mg. 

Moderate 

Black  spots  on  white  film. 

F2 

10  psi 

38.2  mg. 

34.6  mg. 

Heavy 

Heavy  black  grit  on  lace. 

Fa 

10  pil 

10. 1  mg. 

30, 4  mg, 

Moderate 

Qold  film  present  on  surfsce. 

267 

Nickel 

^2 

IS"  Hg. 

3. 1  mg. 

5.3  mg. 

Moderate 

Thick  layers  of  oH.I 

268 

A1  6061 

^2 

lO"  Hg. 

0, 2  mg. 

.  2  mg. 

None 

No  change  visible.  ■ 

269 

A1  1100 

^2 

X 

b 

0.2  mg. 

.3  mg. 

None 

No  change  visIblOMJ 

270 

A1  1100 

^=•2 

10"  Hg. 

8.7  mg. 

2.  5  mg. 

Moderate 

Oil  film  like  vasoll 

271 

A1  6061 

F2 

q 

X 

5.6  mg. 

9.6  mg. 

Moderate 

Oil  film  like  vasolii 

272 

A1  1100 

10  psig 

5. 1  mg. 

10. 1  mg. 

Moderate 

White  film. 

273 

A1  6061 

F2 

10  pslg 

15.4  mg. 

18.  5  mg. 

Moderate 

White  film,  spotted 

274 

A-llO-AT 

F2 

10  pslg 

5.7  mg. 

16. 4  mg. 

Moderate 

Thick  oil  film,  whi 

275 

A-llO-AT 

F2 

10  pslg 

4. 4  mg. 

14.0  mg. 

Moderate 

Thick  oil  film.  «hl 

27C 

A-llO-AT 

F2 

10  psig 

13. 0  mg. 

15.0  mg. 

Moderate 

Dish  black,  white  f 

277 

A-noo 

^2 

1  atms. 

16.2  mg. 

16. 4  mg. 

Moderate 

Dish  completely  bl: 

278 

Nickel 

F2 

10  psl 

16.  5  mg. 

36.  2 ‘me. 

Moderate 

Heavy  oil  film,  whi 

279 

A-llO-AT 

^2 

10  psig 

14.8  mg. 

10.2  mg. 

Moderate 

Circled  area  of  blai 

280 

AL-llOO 

F2 

10  pslg 

12. 1  mg. 

13.  5  mg. 

Moderate 

Black  scars. 

281 

Nickel 

F2 

10  pslg 

24.7  mg. 

20. 1  mg. 

Heavy 

Black  scars  on  fiace 

282 

A1  6061 

^2 

10  psl 

28.2  mg. 

27. 1  mg. 

Moderate 

Black  heavy  grit  on 

283 

Nickel 

F2 

10  psl 

29.6  mg. 

26. 1  mg. 

Moderate 

Black  spots  on  whlti 

284 

Nickel 

F2 

10  psl 

38.2  mg. 

34.6  mg. 

Heavy 

Heavy  black  grit  on 

285 

Nickel 

F2 

10  psl 

19. 1  mg. 

30. 4  mg. 

Moderate 

Gold  film  present  oi 

286 

Monel 

F2 

10  psl 

18.8  mg. 

8. 5  mg. 

Moderate 

Black  film  on  surfac 

287 

Nickel 

^2 

16  psl 

18.7  mg. 

9. 9  mg. 

Heavy 

288 

Monel 

F2 

10  psl 

16.3  mg. 

10.  5  mg. 

Heavy 

Black  surface 

289 

.001  Monel 

F2 

10  psl 

32.3  mg. 

Heavy 

Heavy  corrosion  on 
and  yellow  fluorides 

290 

.  001  Monel 

F2 

10  psl 

59. 9  mg. 

Heavy 

Complete  black  film 

291 

.001  Monel 

^2 

10  psl 

21. 1  mg. 

Heavy 

Black  grit  with  yelk 

292 

.  001  Monel 

F2 

10  psl 

Heavy 

Yellowish  green  fkao 

293 

.001  Monel 

F2 

10  pslg 

1.7  mg. 

Heavy 

Completely  fall  of  tk 

294 

.001  Monel 

F2 

10  pslg 

1.7  mg. 

Heavy 

Completely  fall  of  tk 

(Continued) 
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^  f'2 

10"  Hr. 

0.  2  mg. 

.2  mg. 

None 

No  change  visible. 

10"  Hr. 

0.  2  mg. 

.3  mg. 

None 

No  change  visible. 

^”2 

10"  Hr. 

8. 7  mg. 

2.  5  mg. 

Moderate 

OH  film  like  vasollne,  white  film. 

^2 

10"  Hr. 

5. 6  mg. 

9.6  mg. 

Moderate 

Oil  film  like  vasollne,  white  film. 

^2 

10  psiR 

5. 1  mg. 

10. 1  mg. 

Moderate 

White  film. 

^2 

10  psiR 

15.  4  mg. 

18.  5  mg. 

Moderate 

White  film,  spotted. 

F2 

10  psiR 

5.  7  mg. 

16.  4  mg. 

Moderate 

Thick  oil  film,  white  film. 

^2 

10  pSlR 

4.  4  mg. 

14. 0  mg. 

Moderate 

Thick  oil  film,  white  film. 

^2 

10  pSlR 

13. 0  mg. 

15.9  mg. 

Moderate 

Dish  black,  white  film. 

F2 

1  aims. 

16.  2  mg. 

16. 4  mg. 

Moderate 

Dish  completely  black. 

F2 

10  psl 

19.  5  mg. 

36.2  mg. 

Moderate 

Heavy  oil  film,  white  film. 

^2 

10  psig 

14.8  mg. 

10.  2  mg. 

Moderate 

Circled  area  of  black  coke  on  coupon. 

F2 

10  pslg 

12. 1  mg. 

13.  5  mg. 

Moderate 

Black  scars. 

F2 

10  psig 

24.7  mg. 

20. 1  mg. 

Heavy 

Black  scars  on  face. 

F2 

10  psl 

28.  2  mg. 

27. 1  mg. 

Moderate 

Black  heavy  grit  on  face. 

F2 

10  psl 

29.6  mg. 

26. 1  mg. 

Moderate 

Black  spots  on  white  film. 

F2 

10  psl 

38.2  mg. 

34.6  mg. 

Heavy 

Heavy  black  grit  on  face. 

F2 

10  psl 

19. 1  mg. 

30. 4  mg. 

Moderate 

Gold  film  present  on  surface. 

F2 

10  psl 

18.8  mg. 

8. 5  mg. 

Moderate 

Black  film  on  surface. 

’='2 

16  psl 

18.  7  mg. 

9.9  mg. 

Heavy 

F2 

10  psl 

16.3  mR. 

10.  5  mg. 

Heavy 

Black  surface 

Fo 

10  psl 

32.3  mg. 

Heavy 

Heavy  corrosion  on  sides.  Purple 

and  yellow  fluorides. 

1  F2 

10  psl 

59. 9  mg. 

Heavy 

Complete  black  film. 

10  psl 

21. 1  mg. 

•  •  •  •  • 

Heavy 

Black  grit  with  yellow  fluoride. 

*  F2 

10  psl 

•  •  ■  •  • 

Heavy 

Yellowish  green  fluoride. 

»  F2 

10  psig 

1.7  mg. 

Heavy 

Completely  full  of  fluorides. 

F2 

» 

10  psig 

1.7  mg. 

Heavy 

Completely  full  of  fluorides. 

1 

■2^ 

/ 
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TABLE  in  (Contlnue'4) 

■  CONTAMINATED  METAL  SURFACES  WITH  FLUORINE,  CIF3,  and  F2-CIF3  MIXTURES 

Wt.  of  Wt.  of 
Hoxadtica'io  Residue 


Gus 

Used 

Pressure 

Bofori' 

Exposure 

After 

Exposure 

Reaction* 

Violence 

Remarks 

F^ 

10  psi 

•  4  mg 

Black  spots. 

^2 

10  psi 

.2  mg. 

.  1  mg. 

Black  spots. 

10  psl[' 

•  2  mg. 

None 

Clean. 

^2 

10  psi^ 

None 

Clean. 

F^ 

4* 

10  psig 

2. 6  mg. 

Moderate 

Heavy  black  area. 

*='2 

10  psig 

2.0  mg. 

Moderate 

Heavy  black  area. 

^2 

10  psig 

20. 9  mg. 

Heavy 

Heavy  black  film. 

^2 

10  psig 

43.3  mg. 

Heavy 

Scattered  black  films, 

F2 

10  psi 

1.  5  mg. 

Moderate 

Shiny, 

^2 

10  psi 

1.  5  mg. 

Moderate 

20%  black. 

F2 

10  psi 

3. 4  mg. 

Moderate 

Oil  turned  to  a  gold  color  -  85%  of  area. 

F2 

10  psi 

3.3  mg. 

Moderate 

Oil  turned  to  black  about  75%  of  area. 

F2 

10  psi 

29.  5  mg. 

•  •  •  •  • 

Moderate 

100%  black. 

^2 

10  psig 

44.6  mg. 

Heavy 

Sample  black,  spotted. 

^2 

10  psig 

28.  5  mg. 

Moderate 

Sample  100%  black. 

F2 

10  psig 

40. 2  mg. 

Moderate 

Sample  100%  black. 

F2 

10  psig 

5.2  mg. 

Moderate 

Sample  60%  black. 

Fa 

10  psi 

4.6  mg. 

Moderate 

Sample  40%  black. 

F2 

10  psi 

93.6  mg. 

Heavy 

Sample  100%  black. 

F2 

10  pal 

62. 4  mg. 

Heavy 

Sample  100%  black. 

^2 

10  psi 

70. 0  mg. 

8.1  mg. 

Heavy 

Sample  100%  black. 

F2 

10  psi 

57. 4  mg. 

4. 9  mg. 

Heavy 

Sample  100%  black. 

^2 

25  psi 

67.7  mg. 

Heavy 

Sample  90%  black. 

F2 

25  psi 

61.6  mg. 

Heavy 

Sample  90%  black. 

300 

.  005  Cu, 

*=*2 

10  psig 

2.0  mg. 

Moderate 

Heavy  black  area, 

301 

.005  Cu. 

^2 

10  psig 

20. 9  mg. 

Heavy 

Heavy  black  film. 

302 

.005  Cu. 

F2 

10  psig 

43.3  mg. 

Heavy 

Scattered  black 

303 

.  005  Cu. 

^2 

10  psl 

1. 5  mg. 

Moderate 

Shiny,  H 

304 

.  005  Cu. 

F2 

10  psl 

1. 5  mg. 

Moderate 

20%  black.  1 

305 

.  005  Cu. 

F2 

10  psl 

3.4  mg. 

Moderate 

Oil  turned  to  a  gold  c^| 

306 

.005  Cu. 

F2 

10  psl 

3.3  mg. 

Moderate 

Oil  turned  to  black  ab<H 

307 

.010  Cu. 

F2 

10  psl 

29.  5  mg. 

Moderate 

100%  black.  ■ 

308 

.010  Cu. 

^2 

10  psig 

44.6  mg. 

Heavy 

Sample  black,  spotted  1 

309 

.010  Cu. 

F*2 

10  psig 

28.  5  mg. 

Moderate 

Sample  100%  black.  1 

310 

.010  Cu. 

F2 

10  psig 

40.  2  mg. 

Moderate 

Sample  100%  black.  1 

311 

.010  Cu. 

10  psig 

5. 2  mg. 

Moderate 

Sample  60%  black.  1 

312 

.010  Cu. 

10  psl 

4.6  mg. 

Moderate 

Sample  40%  black.  1 

313 

.010  Cu. 

F2 

10  psi 

93.6  mg. 

Heavy 

Sample  100%  black.  1 

314 

.010  Cu. 

F2 

10  psi 

62. 4  mg. 

Heavy 

Sample  100%  black.  1 

315 

.005  Cu. 

^•2 

10  psi 

70.9  mg. 

8. 1  mg. 

Heavy 

Sample  100%  black.  1 

316 

.005  Cu. 

F2 

10  psi 

57. 4  mg. 

4.9  mg. 

Heavy 

Sample  100%  black.  1 

317 

.005  Cu. 

F2 

25  psi 

67.7  mg. 

Heavy 

Sample  90%  black.  1 

318 

.  005  Cu. 

F2 

25  psl 

61.6  mg. 

Heavy 

Sample  90%  black. 

319 

.005  Brass 

F2 

50  psi 

54. 9  mg. 

Sample  50%  black. 

320 

.  005  Brass 

F2 

50  psi 

72.6  mg. 

Sample  75%  black. 

321 

.005  Cu. 

F2 

60  psi 

64. 7  mg. 

4. 2  mg. 

Heavy 

Sample  30%  black. 

322 

.005  Cu. 

F2 

60  psi 

116.6  mg. 

4.7  mg. 

Heavy 

Sample  90%  black. 

323 

.001  Monel 

CIF3 

7 

14.02  mg. 

Heavy 

Some  of  the  carbon  on  d 

324 

.001  Monel 

CIF3 

? 

14.02  mg. 

Heavy 

Some  of  the  oily  materia 

325 

.001  Monel 

CIF3 

1  aims. 

14.02  mg. 

Heavy 

326 

.001  Monel 

CIF3 

1  aims. 

14.02  mg. 

Heavy 

Small  pool  of  liquid  on  d 

327 

.001  Monel 

CIF3 

5  psig 

14. 02  mg. 

•  •  *  t  • 

Moderate 

Bottom  side  of  dish  shou 
ycllcw  HuorMes, 

(Contliuied) 
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I 


i 

10  psig 

2. 0  mg. 

Moderate 

Heavy  bia'ck  arm; 

i 

10  psig 

20. 9  mg. 

Heavy 

Heavy  black  film. 

‘2 

10  psig 

43.3  mg. 

Heavy 

Scattered  black  fllma. 

‘2 

10  psi 

1.5  mg. 

Moderate 

Shiny* 

'2 

10  psi 

1.  5  mg. 

Moderate 

209^  black. 

'2 

10  psi 

3. 4  mg. 

Moderate 

Oil  turned  to  a  gold  color  -  859^  of  area 

2 

10  psi 

3.3  mg. 

Moderate 

Oil  turned  to  black  about  75%  of  area. 

2 

10  psi 

29.  5  mg. 

•  «  •  •  • 

Moderate 

100%  black. 

2 

10  psig 

44. 6  mg. 

Heavy 

Sample  black,  spotted. 

2 

10  psig 

28.  5  mg. 

Moderate 

Sample  100%  black. 

2 

10  psig 

40.  2  mg. 

Moderate 

Sample  100%  black. 

2 

10  psig 

5.  2  mg. 

Moderate 

Sanhple  60%  black. 

2 

10  psi 

4.  6  mg. 

Moderate 

Sample  40%  black. 

2 

10  psi 

93.6  mg. 

Heavy 

Sample  100%  black. 

2 

10  psi 

62.  4  mg. 

Heavy 

Sample  100%  black. 

2 

10  psi 

70. 9  mg. 

8. 1  mg. 

Heavy 

Sample  100%  black. 

2 

10  psi 

57. 4  mg. 

4. 9  mg. 

Heavy 

Sample  100%  black. 

2 

25  psi 

67.7  mg. 

Heavy 

Sample  90%  black. 

2 

25  psi 

61.6  mg. 

Heavy 

Sample  90%  black. 

2 

50  psi 

54.9  mg. 

Sample  50%  black. 

1 

50  psi 

72.6  mg. 

Sample  75%  black. 

> 

60  psi 

64. 7  mg. 

4. 2  mg. 

Heavy 

Sample  30%  black. 

i 

60  psi 

116.6  mg. 

4.7  mg. 

Heavy 

Sample  90%  black. 

7 

14. 02  mg. 

Heavy 

Some  of  the  carbon  on  dish  was  flaky. 

F3 

? 

14.02  mg. 

Heavy 

Some  of  the  oily  material  still  on  dish. 

F3 

1  aims. 

14.02  mg. 

•  •  f  •  • 

Heavy 

» 

F3 

1  atms. 

14.02  mg. 

Heavy 

Small  pool  of  liquid  bn  dish. 

f3 

► 

5  psig 

14.02  mg. 

•  •  •  •  • 

Moderate 

Bottom  side  of  dish  showed  some 
yellow  fluorides. 

PASSIVATION  OF  CONTAMINATED 


TABLE  III  (Continue ;) 

METAL  SURFACES  \MTH  FLUORINE.  CJFs,  and  F2-C*F^ 

Wt.  of  Wt.  of 
Hexadecane  Residue 


Run 

No. 

Alloy 

Gas 

Used 

Pressur* 

Before  After 

Exposure  Exposure 

Reaction* 

Violence 

Remarks 

328 

.  001  Monel 

CIF3 

5  pslg 

14.02  mg.  ..... 

None 

329 

.  001  Monel 

CIF3 

5  pslg 

14.02  mg . 

Moderate 

Some  of  the  carbon  «a 
and  crumbled  up. 

330 

,001  Monel 

CIF3 

5  pslg 

14.02  mg . 

Light 

331 

.  001  Monel 

CIF3 

5  pslg 

14.02  mg . 

Moderate 

Yellow  and  mostly  wbi 
over  top  and  bottom  of 
side  of  test  cell  were 

332 

.001  Monel 

CIF3 

5  pslg 

14.02  mg . 

Moderate 

Heavy  string>shaped  c 
on  top  of  dish,  with  ye 
fluorides  on  bottom  si 

333 

.001  Monel 

CIF3 

5  pslg 

14.02  mg . 

Moderate 

Inside  of  test  cell  was 

334 

.001  Monel 

CIF3 

5  pslg 

14.02  mg . 

None 

No  carbon  or  fluoride: 

335 

.010  Cu. 

CIF3 

5  pslg 

14.02  mg . 

Heavy 

Heavy  strlng^shaped  c 
on  top  of  dish. 

336 

.010  Cu. 

CIF3 

5  pslg 

14.02  mg . 

Heavy 

Heavy  strlng>shaped  c 
on  top  of  dish. 

337 

.010  Cu. 

CIF3 

9  pslg 

14.02  mg . 

Heavy 

Heavy  st  ring-shaped  t 
on  top  of  dish. 

338 

.010  Cu. 

CIF3 

9  pslg 

14.02  mg . . 

None 

Heavy  string-shaped  1 
on  top  of  dish. 

339 

.010  Cu. 

CIF3 

5  pslg 

14. 02  mg . 

Heavy 

Heavy  string-shaped  c 
on  top  of  dish. 

340 

.OlOCu. 

CIF3 

5  pslg 

14.02  mg . 

None 

Heavy  string-shaped  c 
on  top  of  dish. 

341 

.010  Cu. 

CIF3 

5  pslg 

14.02  mg . 

Heavy 

Heavy  string-shaped  c 
on  top  of  dish. 

342 

.010  Cu. 

CIF3 

5  pslg 

•1. 8  mg.  ....  * 

None 

No  carbon  or  fluorlcle 

343 

.OlOCu. 

ClFs 

4  pslg 

1«  8  IDS*  s  •  •  •  • 

None 

No  carbon  or  noorlde 

344 

.010  Cu. 

CIF3 

4  pslg 

1.8  mg.  ..... 

None 

No  carbon  or  floorlde 

345 

,010  Cu. 

ClFs 

4pslg 

1.8  ing.  ..... 

None 

No  carbon  or  thaorMe 

'll  ivr  Vjj.  ' 
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TAHLE  III  (C(..  tlt'ue  .) 

ONTAMINATFD  METAL  SURFACES  UlTII  FLUORINE.  C.'Fs,  and  Fo-C'F3  MIXTURES 


as 

sod 

Prcssiir  ' 

Wt.  of 
lloxadccanc 
Rofore 
Expos  un? 

Wt.  of 
Residue 
After 
Exposure 

Reaction* 

Violence 

Remarks 

. . 

“  ' 

•IF3 

5  psi|: 

14.  02  mg. 

None 

•  •  •  •  • 

IF3 

5  psig 

14.  02  mg. 

Moderate 

Some  of  the  carbon  was  strlng'Shaped 

IP's 

5  psin 

14.02  mg. 

Light 

and  crumbled  up. 

>F3 

5  psij; 

14. 02  mg. 

Moderate 

Yellow  and  mostly  white  fluorides 

‘f'3 

5  psit: 

14.  02  mg. 

Moderate 

over  top  and  bottom  of  dish,  also  in¬ 
side  of  test  cell  were  pools  of  liquid. 

Heavy  string-shaped  carbon  deposits 

IF3 

5  psiB 

14.02  mg. 

Moderate 

on  top  of  dish,  with  yellow  and  green 
fluorides  on  lx)ttom  side  of  dish. 

Inside  of  test  cell  was  completely  white 

F3 

5  pslg 

14.02  mg. 

None 

No  carbon  or  fluorides  on  dish. 

F3 

5  pslg 

14.02  mg. 

Heavy 

Heavy  string-shaped  carbon  deposits 

F'S 

5  pslg 

14.02  mg. 

Heavy 

on  top  of  dish. 

Heavy  string-shaped  carbon  deposits 

*='3 

9  pslg 

14.  02  mg. 

Heavy 

on  top  of  dish. 

Heavy  string-shaped  carbon  deposits 

F3 

5  pslg 

14.  02  mg. 

None 

on  top  of  dish. 

Heavy  string-shaped  carbon  deposits 

F3 

5  pslg 

14. 02  mg. 

Heavy 

on  top  of  dish. 

Heavy  string- shaped  carbon  deposits 

F3 

5  pslg 

14.02  mg. 

None 

on  top  of  dish. 

Heavy  string-shaped  carbon  deposits 

5  pslg 

14.02  mg. 

Heavy 

on  top  of  dish. 

Heavy  string-shaped  carbon  deposits 

J 

F3 

5  pslg 

1,8  mg. 

None 

on  top  of  dish. 

No  carbon  or  fluoride  on  dish. 

F3 

4  pslg 

1.8  mg. 

None 

No  carbon  or  fluoride  on  dish. 

F3 

4  pslg 

1.8  mg. 

None 

No  carbon  or  fluoride  on  diah. 

F3 

4  pslg 

1.8  mg. 

None 

No  carbon  or  fluoride  on  dish. 

,V. 

¥ 


<>v<*r  V>p  iind  ij0AVttiii 
Hide  of  le»l  ceil 


n2 

.001  Monel 

CIF3 

5  pslg 

14.02  mg. 

Moderate 

.001  Monel 

CIF3 

5  pslg 

14.02  mg. 

•  «  •  «  • 

Moderate 

.  001  Monel 

CIF3 

5  psig 

14.02  mg. 

»  •  •  •  • 

None 

3:ir) 

.010  Cu. 

CIF3 

5  pslg 

14.02  mg. 

«  •  •  i  • 

Heavy 

.010  Cu. 

CIF3 

5  psig 

14.02  mg. 

•  •  •  «  • 

Heavy 

137 

.010  Cu. 

CIF3 

9  pslg 

14.02  mg. 

•  •  •  •  • 

Heavy 

138 

.010  Cu. 

CIF3 

5  pHig 

14.  02  mg. 

•  •  •  •  • 

None 

139 

.010  Cu. 

CIF3 

5  pslg 

14.02  mg. 

•  •  •  •  • 

Heavy 

340 

.010  Cu. 

C1F3 

5  pslg 

14.02  mg. 

•  •  •  •  • 

None 

341 

.010  Cu. 

CIF3 

5  psig 

14.02  mg. 

•  •  »  •  • 

Heavy 

342 

.010  Cu. 

CIF3 

5  psig 

1.8  mg. 

•  •  •  •  • 

None 

343 

.010  Cu. 

CIF3 

4  psig 

1.8  mg. 

•  •  •  »  • 

None 

344 

.010  Cu. 

CIF3 

4  psig 

1.8  mg. 

•  •  •  •  » 

None 

345 

.010  Cu. 

CIF3 

4  psig 

1.8  mg. 

•  •  t  *  » 

None 

346 

.001  Monel 

CIF3 

4  psig 

1.8  mg. 

•  •  •  •  • 

None 

347 

.001  Monel 

CIF3 

4  psig 

1.8  mg. 

•  •  •  •  • 

None 

348 

.001  Monel 

CIF3 

4  psig 

1.8  mg. 

•  •  •  •  t 

None 

349 

.001  Monel 

CIF3 

4  psig 

l.B  mg. 

t  •  •  •  • 

None 

350 

.  001  Monel 

CIF3 

4  pslg 

1.8  mg. 

•  •  •  •  • 

None 

351 

.  001  Monel 

CIF3 

5  pslg 

1.8  mg. 

•  *  *  *  • 

None 

352 

.  001  Monel 

CIF3 

5  pslg 

1.8  mg. 

•  %  •  •  % 

None 

353 

.001  Monel 

CIF3 

7  psig 

1.8  mg. 

»  %  «  •  « 

None 

354 

.001  Monel 

25%  CIF3  20  psl 

1.8  mg. 

None 

75%  F2 


Heavy  strins-ftlaped 
on  top  of  dish,  with  j 
fluorides  on  holtoiu 

Inside  of  test  c**!!  ifl 

No  carbon  or  fl«ori'» 

Heavy  string-shaped 
on  top  of  dish. 

Heavy  string-shaped 
on  top  of  dish. 

Heavy  string-shaped 
on  top  of  dish. 

Heavy  8lrlng-shape« 
on  top  of  dish. 

Heavy  string-shaped] 
on  top  of  dish. 

Heavy  string-shaped 
on  top  of  di^. 

Heavy  string-shaped 
on  top  of  dish. 

No  carbon  or  fluorkh 

No  carbon  or  fluoiid* 

No  carbon  or  fluorich 

No  carbon  or  fluorich 

No  carbon  or  fluorid« 

No  carbon  or  floorkh 

No  carbon  or  fluorkh 

No  carbon  or  floorkk 

No  carbon  or  fluorkk 

No  carbon  or  floorlck 

No  carbon  or  tiuorkk 

No  carbon  or  fKtorkh 

No  carbon  or  fluorkk 


(Continued) 


T)  p.si^;  M.Oli  mj;.  ,  .  ,  .  Moderate  Heavy  Htrin(;>Htiaped  (’arlifin  depr)i>ttj> 

■  on  top  of  diHh,  with  yellow  ara.  Kreen 

I  fluoridcH  on  Inttom  Hide  of  diHh. 

riF3  5  psin  14.02  mi' .  Moderate  InHidc  of  test  cell  was  completely  white 

riFs  S  pHi|'  14.02  niK .  None  No  carlwn  or  fluorides  on  dish. 

’IF3  T)  pstK  14.02  mi; .  Heavy  Heavy  strinK'Shaped  carlx>n  deposits 

on  top  of  dish. 

’IF3  Ti  p.sin  14.02  mK .  Heavy  Heavy  strini;-shaped  carbon  deposits 

on  top  of  dish. 

'IF3  9  psii;  14.02  mK .  Heavy  Heavy  strinK-shaped  carlmn  deposits 

on  top  of  dish. 

IF3  9  phIk  14.02  oiR .  None  Heavy  strlnK'Shapcd  carbon  deposits 


I  on  top  of  dish. 

'IF3  5  p.slK  14.02  mu .  Heavy  Heavy  string-shaped  carbon  deposits 

on  top  of  dish. 

riF'3  5  psiK  l4.02m|' .  None  Heavy  string-shaped  carbon  deposits 

on  top  of  dish. 

riFj  5  psig  14.02  mg .  Heavy  Heavy  string-shaped  carbon  deposits 

on  top  of  dish. 


CIF3  5  psig  1,8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

JCIF3  4  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

CIF3  5  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

'CIF3  5  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

*C1F3  7  psig  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

)  CIF3  20  psl  1.8  mg .  None  No  carbon  or  fluoride  on  dish. 

}  F2 


\  / 

1 

TABLE  III  (Continue  i)  ' 

PASSIVATION  OF  CONTAMINATED  METAL  SURFACES  WITH  FLUORINE.  CIF3.  am 


Wt.  of  Wt.  of 
Hexadecunc  Residue 


Run 

Nvj, 

Allo^V 

Gas 

Used 

Press. .re 

Before 

Exposure 

After 

Exp'isure 

Reaction* 

Vlolenc 

355 

.001  Monel 

25%  CIF3  20  psl 

75%  F2 

1.8  mj?. 

•  •  •  •  • 

None 

Two  carbon 

356 

.001  Monel 

25%  CIF3 
75%  F2 

20  psl 

1.8  nrn;. 

»  •  •  •  • 

None 

Spotted  cart) 

357 

,  001  Monel 

25%  CiF3 
75%  F2 

20  psl 

1.8  mp. 

None 

No  carbon  0 

358 

.  001  Monel 

25%  CIF3 
75%  F2 

60  psi 

1.8  n^p. 

Moderate 

Dish  disinte. 

359 

.  001  Monel 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

Moderate 

No  carbon  0 

360 

.  001  Monel 

25%  CIF3 
75%  F2 

60  psi 

1.8  mg. 

Moderate 

Dish  disinte; 

361 

.001  Monel 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

Moderate 

Some  white  : 

362 

.  001  Brass 

25%  CIF3 
75%  F2 

60  psi 

1.8  mg. 

None 

No  carbon  01 

363 

.  001  Brass 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

None 

No  carbon  01 

364 

.001  Brass 

25%CIF3 
75%  F2 

60  psi 

1.8  mg. 

None 

No  carbon  01 

365 

.001  Brass 

25%  CIF3 
75%  F2 

60  psi 

1.8  mg. 

None 

NO  carbon  or 

366 

.005  Cu. 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

•  «  •  %  • 

None 

No  car^kon  or 

367 

.  005  Cu. 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

•  «  « 

None 

No  carbon  or 

368 

.005  Cu. 

25%  CIF3 
75%  F2 

60  psl 

1.8  mg. 

None 

No  carbon  or 

360 

.005  Cu. 

25%  CIF, 
75%  Fj  ’ 

60  pel 

1.8  mg. 

None 

No  carbon  or 

370 

.062  Monel  aS^ClFj 
75%  T2 

60  psl 

1.3  mg. 

2.0  mg. 

None 

No  enrbon  or 
nnity  tUin« 

371 

.062  M«w\»'l 

25%  CIF3 

60  psl 

1, 2  m'.. 

<l  2  m»! 

NV'O.' 

/ 


(  r 


TAin.K  ni  (CoMtimit?  1) 

|K  rONTAMINATKD  MKTAI.  SURFACES  WITIf  FLUORINE,  CIF3,  anH  F^-CJFs  MIXTURES 

Wl.  i)f  Wt.  of 
Il('xad«*caiip  Rpsidiu' 

Roar t  ion* 

Remarks 

Two  carbon  spots  on  dish. 

Spotted  carbon  spots  on  dish. 

No  carbon  or  fluorides  on  dish. 


Ci.is 

Usi-d 

Press  r*' 

Refore 

I^X|)(;s',ir»' 

After 

Exposure 

Rear  t  ion* 
Vlolenc'' 

;r)%  CIF3 
iT)'!:  F2 

20  psl 

1.8  mj;. 

None 

:r)'t  cift 
T/?,  F2 

20  psi 

1.8  mi;. 

None 

:n';-  C.F3 
F2 

20  psi 

1. 8  mj;. 

None 

;.v;.  CIF3 
r/y  F2 

60  psi 

1.8  mj:. 

Moderate 

v:  ci?'3 
.vy.  F2 

60  p.si 

1.8  mj;. 

Moderate 

r/f,  CIF3 
5^,  F2 

60  psi 

1.8  mR. 

Moderate 

f/7.  CIF3 

5'y.  F2 

60  p.si 

1.8  m^. 

•  «  •  •  « 

Moderate 

5%  CIF3 
5%  F2 

60  psl 

1.8  mg. 

None 

5%  CIF3 
ST  F2 

f 

60  psi 

1.8  mg. 

None 

5%  CIF3 

F2 

60  psl 

1.8  mg. 

None 

*)%  CIF3 

|S%  F2 

60  psl 

1.8  mg. 

None 

51,  CIF3 
51  Fj 

60  psl 

1.8  mg. 

«  •  •  •  • 

None 

i%ClF3 

H  F2 

60  psi 

1.8  mg. 

«  «  I  t 

None 

C1F3 
5%  F2 

60  psl 

1.8  mg. 

None 

5%CIF, 

n  F2  ^ 

60  psl 

1.8  mg. 

None 

iTf,  CIF3 
F2 

60  psl 

1.3  mg. 

2.0  mg. 

None 

CIF3 

'T  F.) 

60  psl 

1.2  mg. 

4. 2  mg. 

None 

No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 
No  carbon  or  fluoride  deposits  on  dish. 


No  carbon  or  fluoride  deposits  on  dish, 
anxy  film. 

No  cHrlv>n  nr  flunrKle  deposits  on  dish, 

w\x\*  fthn.  _ _ _ _ 


I 


. '  .  •  1 ) 

'  '  '.uri  Xlnu-l 

t  ’ i  1-  ’J 

m  f2 

hIJ 

Moder.ili' 

I>ihIi  {lisintegr.. 

j  350 

j 

,001  Monel 

2ry%  CIF3 
V5'f,  F2 

60  psl 

1.8  mj;. 

•  f  •  •  • 

Moderate 

No  carbon  or  fl 

i  3()0 

,  001  Monel 

25^  CIF3 
75%  F2 

60  psi 

1.8  mj;. 

Moderate 

Dish  disintegSPi 

361 

1 

1 

.  001  Monel 

25%  CIF3 
75%  F2 

60  psl 

1.8  niK. 

•  t  ■  •  « 

Moderate 

Some  white  spo 

i  362 

.001  Dmss 

25%  CIF3 
75%  F2 

60  psl 

1.8  mR. 

None 

No  carbon  or  fl 

!  363 

.  001  Bra.ss 

25%  CIF3 
75%  F2 

60  psl 

1.8  mR. 

None 

No  carbon  or  fl 

364 

.001  Brass 

25%  CIF3 
75%  F2 

60  psl 

1.8  nriR. 

None 

No  carbon  or  fit 

365 

.001  Brass 

25%  CIF3 
75%  F2 

60  psl 

1. 8  mR. 

•  •  •  .  • 

None 

No  carbon  or  fli 

366 

.005  Cu. 

25%  CIF3 
75%  F2 

60  psl 

1.8  mR. 

•  •  -  •  • 

None 

No  carbon  or  JK 

367 

.005  Cu. 

25%  CIF3 
75%  F2 

60  psi 

1.8  mR. 

None 

No  carton  or  fh 

368 

.005  Cu. 

25%  CIF3 
75%  F2 

60  psl 

1.8  mR. 

•  »  •  •  • 

None 

No  carton  or  flu 

369 

.005  Cu. 

25%C1F- 
75%  F2  ^ 

60  psl 

1.8  mg. 

»  •  *  *  • 

None 

No  carton  or  flu 

370 

.  062  Monel 

25%  CIF3 

60  psl 

1.3  mR. 

2.9  mg. 

None 

No  carton  or  flu 

75%  F2 

wa.xy  film. 

371 

.  062  Monel 

25%  CIF3 
75%  F2 

60  psl 

1.2  mg. 

4.  2  mg. 

None 

No  carbon  or  fla 
waxy  film. 

372 

.  062  Monel 

25%  CIF3 

60  psl 

1.3  mg. 

2.6  mg. 

None 

No  carton  or  flu^ 

75%  t'2 

waxy  film. 

373 

.062  Monel 

25%  CIF3 
75%  F2 

60  psi 

1.  5  mg. 

3.8  mg. 

None 

No  carbon  or  flw 
waxy  film. 

375 

.  062  Monel 

F2 

60  psl 

1.  7  mg. 

0,  5  mg. 

None 

No  carbon  or  Him 
wa.xy  film. 

376 

.062  Monel 

^2 

60  psi 

1.  2  mg. 

1.  0  mg. 

None 

No  carbon  or  flw 
waxy  film. 

377 

.062  Monel 

F2 

60  psl 

1.2  mg. 

0. 8  mg. 

None 

No  carton  or  (lac 
wa.xy  tUm. 

(Continued) 

/ 

> 

/ 

2w:  CIFU 

vy;-.  V2 

(')()  psi 

1 .  H  nii;. 

..... 

McKlerate 

t . . 

ciKa 
7.V?,  F2 

fiO  psi 

l.H  mi;. 

. 

Moderate 

1’ . . 

2r/T,  Cl  Ft 
7.v;,  F2  ■ 

f)0  psi 

1 . 8  mj;. 

. 

Mode  rate 

in,s. 

25'?.  CIF3 
7r,'T,  F2 

00  psi 

1 . 8  me. 

None 

1, 

2r/v-  Cl  Ft 
75T  F2 

00  psi 

1 . 8  m^;. 

None 

I 

25^.  CIF3 
7n  F2 

00  |)si 

1 . 8  mi;. 

None 

l"“ 

25%  CIF3 
75%  F2 

60  psi 

1. 8  mi;. 

None 

Icu. 

25%  CIF3 
75%  F2 

00  psi 

1 . 8  mi;. 

None 

1 

25%  CIF3 
75%  F2 

00  psi 

1.8  mi;. 

... 

None 

Cu. 

25%  CIF3 
75%  F2 

60  psi 

1.8  mR. 

t  •  «  •  « 

None 

Cu. 

25%  CIF. 
75%  F2 

GO  psi 

1.8  mg. 

None 

Monel 

25%  CIF3 
75%  F2 

60  psi 

1.3  mg. 

2.9  mg. 

None 

•  Monel 

25%  CIF3 
75%  F2 

60  psi 

1.2  mg. 

4.  2  mg. 

None 

Monel 

25%  CIF3 
75%  F2 

60  psi 

1.3  mg. 

2,6  mg. 

None 

Monel 

25%  CIF3 
75%  F2 

60  psi 

1.5  mg. 

3. 8  mg. 

None 

1 

1,  Monel 

F2 

00  psi 

1.7  mg. 

0,  5  mg. 

None 

2  Monel 

F'2 

00  psi 

1.2  mg. 

1.0  mg. 

None 

2  Monel 

^2 

60  psi 

1.2  mg. 

0.8  mg. 

None 

MckUtuIo  No  rarlx)!!  or  fluorlMoK  on  dish. 
Modoratn  Dish  (iisIntcRratcd  to  a  white  powder. 
Moderate  Some  white  spotted  fluorides  on  dish. 
None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carlxin  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 

None  No  carbon  or  fluoride  deposits  on  dish. 


No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

No  carbon  or  fluori  ie  deposits  on  dish, 
waxy  film. 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

No  carlxin  or  fluoride  deposits  on  dish, 
waxy  film. 


/  I 

‘  TABLE  III  (Continued) 

f 

PASSIVATION  OF  CONTAMINATED  METAL  SURFACES  WITH  FLUORINE.  CIF3,  and  F 

Wt.  of  Wt.  of 


Run 

No. 

Alloy 

Gas 

Used 

Pressure 

Before 
Eypo.su  re 

After 

Exjxisure 

React  lon^ 
Violence 

37H 

.  062  Monel  F2 

60  psl 

1 . 3  rnff. 

1 . 4  mg. 

None 

379 

.062  Cu. 

F2 

60  psi 

1 . 6  mg. 

3.  9  mg. 

None 

380 

.062  Cu. 

^2 

60  psi 

1.8  mg. 

2.  4  mg. 

None 

C 

381 

.062  Cu. 

^2 

60  psl 

1.8  mg. 

2.  8  mg. 

None 

382 

.062  Cu. 

F2 

60  psl 

1.  3  mg. 

2. 9  mg. 

None 

384 

.062  Cu. 

25%  CIF3 
75%  F2 

60  psi 

1.  0  mg. 

2.  0  mg. 

None 

385 

062  Cu. 

25%C1F3 
75%  F2 

60  psi 

0.  5  mg. 

2.  6  mg. 

None 

38G 

.062  Cu. 

25%CIF3 
75%  F2 

60  psi 

0.  2  mg. 

3. 1  mg. 

None 

387 

.062  Cu. 

25%  CIF3 
75%  Fj 

60  psi 

1. 1  mg. 

4.  2  mg. 

None 

••392 

.062  Cu. 

25%  CIF3 
•F2 

60  psi 

0.  8  mg. 

3. 6  mg. 

None 

••393 

.  062  Cu. 

25%  CIF3 
4F2 

60  psl 

1.  7  mg. 

2.  5  mg. 

Moderate 

••394 

.062  Cu. 

25%  CIF3 

60  psl 

1.8  mg. 

2.  4  mg. 

Moaerate 

••395 

.062  Cu, 

25%  CIF3 
.F2 

60  psi 

1. 1  mg. 

3,  5  mg. 

Moderate 

••396 

100%  Blank 

'^■4 

*  •  •  «  « 

397 

.  062  Cu. 

100%  Fg 

60  psl 

1.6  mg. 

3.  4  mg. 

None 

398 

.  062  Cu. 

100%  Fj 

60  psl 

1.6  mg. 

4.  4  mg. 

None 

399 

.062  Cu. 

100%  F2 

60  psl 

1.6  mg. 

3.7  mg. 

None 

400 

.  062  Cu. 

100%  Fj 

60  psl 

1.2  mg. 

3.6  mg. 

None 

No  carbon  or  fh 
waxy  film. 

No  carbon  or  fl 
waxy  film. 

No  carbon  or  fl 
waxy  film. 

No  carbon  or  fl 
waxy  film. 

No  carbon  or  fl 
waxy  film. 

No  carbon  or  f 
waxy  film. 

No  carbon  or  f 
waxy  film. 

No  carbon  or  f 
waxy  film. 

No  carbon  or  f 
waxy  film. 

No  carbon  or  f 
oily  liquid. 


liquid. 

Carbon 

liquid. 

Carbon 

liquid. 


No  carbon  or 
waxy  solid. 

No  carbon  or 
waxy  solid. 

No  carbon  or 
waxy  aoUd, 

No  carlwm  or 


OF  CONTAMINATKD  MFTAI.  SIIKFAC  FS  WITH  FF.UORINE,  CIF3,  and  F2-CIF3  MIXTURKS 


Gas 

Used 

Pn’ssuH' 

\Vt,  of 
lioxadrcant 
Hrforc 
lvv;)(isu  ro 

Wl.  of 
Rrsitim* 
Affor 
K.x|x»suro 

R<*arllon* 

Vl<»lt*nr<‘ 

Remark.s 

i  F2 

(50  psi 

1.3  m^. 

1.  4  mg. 

None' 

No  carl)on  or  fluoride  deposits  on  dish. 
M/axy  film. 

^2 

1 

60  psi 

1 . 6  nij;. 

3.  9  mg. 

None 

No  (•arl)on  nr  fluoride  depr>sits  on  dish, 
wixy  film. 

^2 

60  psi 

1. 8  mu. 

2.  4  mg. 

None 

No  earl)on  or  fluoride  deposits  on  dish, 
waxy  film. 

^2 

60  psi 

1 . 8  me. 

2.  8  mg. 

None 

No  carlxjn  or  fluoride  deposits  on  dish, 
waxy  film. 

^2 

60  psi 

1. 3  mu. 

2.  9  mg. 

None 

No  carlx>n  or  fluoride  deposits  on  dish, 
waxy  film. 

25%  CIF3 
75%  F2 

60  psi 

1.  0  mu. 

2,  0  mg. 

None 

No  carlwn  or  fluoride  deposits  on  dish, 
waxy  film. 

.  25%C1F3 
•  75%  F2 

60  psi 

0.  5  mK. 

2.  6  mg. 

None 

No  carlx)n  or  fluoride  deposits  on  dish, 
waxy  film. 

25%  CIF3 
75%  F2 

60  psi 

0.  2  mK. 

3.  1  mg. 

None 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

25%  CIF3 
75%  F2 

60  psi 

1.  1  mu. 

4.  2  mg. 

None 

No  carbon  or  fluoride  deposits  on  dish, 
waxy  film. 

25%C1F3 

60  psi 

0.  8  mK. 

3.  6  mg. 

None 

No  carlx)n  or  fluoride  deposits  on  dish, 
oily  liquid. 

25%  CIF3 

1  *^2 

60  psi 

1.7  mg. 

2.  5  mg. 

Moderate 

Carbon  deposit  on  dish;  spotted,  oily 
liquid. 

''25%C1F3 

.F2 

60  psi 

1. 6  mg. 

2.  4  mg. 

Mooe  rate 

Carbon  deposit  on  dish;  spotted,  oily 
liquid. 

'  25%  CIF3 

60  psi 

1. 1  mg. 

3.  5  mg. 

Moderate 

Carbon  deposit  on  dish;  spotted,  oily 
liquid. 

_ion  Fj 

60  psi 

1.6  mg. 

3. 4  mg. 

None 

No  carbon  or  fluoride  deposit  on  dish, 
waxy  solid. 

100%  F2 

60  psi 

1. 6  mg. 

4. 4  mg. 

None 

No  carbon  or  fluoride  deposit  on  dish, 
waxy  solid. 

'100%  F2 

60  psi 

1.6  mg, 

3.7  mg. 

None 

No  carbon  or  fluoride  deposit  on  dish, 
waxy  aolld, 

100%  Fj 

60  psi 

1.  2  mg. 

3. 6  mg. 

None 

No  earlxm  or  fluoride  deposit  on  dish. 

.>  |K1l 


o  1 ,  li  in^;. 


Heavy 


iiainple  PO'f.  biack. 


m 

(id  |I.S| 

1 .  d  III)',. 

2.  d  mg.. 

Nnm* 

No  (arlKiii  or  fluoride  de|iosils  on  rlisli, 
waxy  film. 

n 

(it)  psi 

0,  r»  mg. 

2.  6  mg. 

None 

No  cariKin  or  fluoride  deposits  on  dish, 
waxy  film. 

n 

(10  psi 

0.  2  mg. 

3.  1  mg. 

None 

No  carbon  or  fluoride  deposits  on  di.sh, 
waxy  film. 

ffl 

r»0  psi 

1.  1  mg. 

4.  2  mg. 

None 

No  carlion  or  fluoride  deposits  on  dish, 
waxy  film. 

fl 

(50  psi 

0.  8  mg. 

3.  6  mg. 

None 

No  carlxin  or  fluoride  deposits  on  dish, 
oily  liquid. 

B 

60  psi 

1 .  7  mg. 

2.  6  mg. 

Moderate 

Carlxm  deposit  on  dish;  spotted,  oily 
liquid. 

CIF3 

'2 

60  psi 

1 . 6  mg. 

2.  4  mg. 

Moderate 

Carlmn  deposit  on  dish;  spotted,  oily 
liquid. 

CIF3 

'2 

M 

60  psi 

1.  1  mg. 

3.  5  mg. 

Moderate 

Carlxm  deposit  on  dish;  spotted,  oily 
liquid. 

'4 

^2 

60  psi 

1 . 6  mg. 

3.  4  mg. 

•  •  •  •  • 

None 

No  carbon  or  fluoride  deposit  on  dish, 
waxy  solid. 

F'2 

60  psi 

1. 6  mg. 

4.  4  mg. 

None 

No  carl)on  or  fluoride  deposit  on  dish, 
waxy  solid. 

:f2 

60  psi 

1.  6  mg. 

3.  7  mg. 

None 

No  carbon  or  fluoride  deposit  on  dish, 
waxy  solid. 

f2 

60  psi 

1 .  2  mg. 

3.  6  mg. 

None 

No  carixjn  or  fluoride  deposit  on  dish, 
waxy  solid. 

CIF3 

8  psi 

1.  3  mg. 

3.  2  mg. 

None 

No  carbon  or  fluoride  deposit  on  dish, 
oily  liquid. 

CIF3 

8  psi 

1.  5  mg. 

3.7  mg. 

None 

No  carlxin  or  fluoride  deposit  on  dish, 
oily  liquid. 

CIF3 

8  psi 

2.  0  mg. 

3.  5  mg. 

None 

No  carlxm  or  fluoride  deposit  on  dish, 
oily  liquid. 

CIF3 

% 

8  psi 

1.9  mg. 

3.  8  mg. 

None 

No  carlxin  or  fluoride  deposit  on  dish, 
oily  liquid 

•% 

**Hexadecane  in  Analysis 

ressure  sur^e  while  adding  gas  to  cell, 
psi  pressure  surge 
pressure  surge 

p 

Run  11392  0,3  mg. 

Run  #393  0,  2  mg. 

Run  #304  0. 2  mg. 

Run  #395  0.  2  mg. 

Run  #396  0.  2  mg. 

1 

~n 

'3 

' 

y 


TABLE  IV 


SHORT  TERM  IMMERSION  TESTS  OF  METAL  SPECIMENS  IN  LIQUID  CYLINDER 


Exposure 

Original 

Time 

Weights 

Sample 

Alloy 

(mins. ) 

(gms.) 

655 

A1 1100 

15 

2.3074 

656 

A1  1100 

15 

2.4113 

690 

A1  1100 

15 

2.3162 

691 

A1  1100 

15 

2.3034 

712 

A1  1100 

15 

2.0689 

713 

A1  1100 

15 

2.  4202 

653 

A1  1100 

75 

2.2731 

654 

A1 1100 

75 

2.3424 

710 

A1  1100 

75 

2.3657 

711 

A1  1100 

75 

2.3299 

666 

A1  2017 

15 

2.6916 

667 

A1  2017 

15 

2.7966 

664 

A1  2017 

75 

2. 7624 

665 

A1  2017 

75 

2.8273 

714 

A1  2017 

75 

2.  8224 

715 

A1  2017 

75 

2. 7909 

662 

A1  5052 

15 

2.3719 

663 

A1  5052 

15 

2.3221 

692 

A1  5052 

15 

2.  4936 

693 

A1  5052 

15 

2. 4781 

720 

A1  5052 

15 

2.5003 

721 

A1  5052 

15 

2. 4972 

660 

A1  5052 

75 

2.  4649 

661 

A1  5052 

75 

2. 5082 

718 

A1  5052 

75 

2.4194 

719 

A1  5052 

75 

2.  4257 

652 

A1  6061 

15 

2.3051 

657 

A1  6061 

15 

2. 1508 

658 

A1  6061 

75 

2.3384 

659 

A1  6061 

75 

2. 1948 

670 

A1  7079 

15 

2. 4807 

671 

Al  7079 

15 

2.5671 

688 

Al  7079 

15 

2.  5911 

689 

Al  7079 

15 

2.6286 

668 

Al  7079 

75 

2. 4598 

669 

Al  7079 

75 

2. 6967 

716 

Al  7079 

75 

2.  5888 

717 

Al  7079 

75 

2.5320 

684 

SS  304 

15 

15.  5228 

685 

5S  304 

15 

14.  5951 

672 

SS  304 

75 

15. 2750 

673 

SS  304 

75 

14.3820 

702 

S8  304 

75 

14.8949 

_ 78 _ 

_ 18. 1T31_ 
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RM  IMMERSION  TESTS  OF  METAL  SPEC  LIQUID  CYLINDER  FLUORINE 


666 

AI  2017 

15 

667 

A1  2017 

15 

664 

Al  2017 

75 

665 

Al  2017 

75 

714 

Al  2017 

75 

715 

Al  2017 

75 

662 

Al  5052 

15 

663 

Al  5052 

15 

692 

Al  5052 

15 

693 

At  5052 

15 

720 

Al  5052 

15 

721 

Al  5052 

15 

660 

Al  5052 

75 

661 

Al  5052 

75 

718 

Al  5052 

75 

719 

Al  5052 

75 

652 

Al  6061 

15 

657 

Al  6061 

15 

658 

Al 6061 

75 

659 

Al  6061 

75 

670 

Al  7079 

15 

671 

Al  7079 

15 

688 

Al  7079 

15 

689 

Al  7079 

15 

668 

Al  7079 

75 

669 

Al  7079 

75 

716 

Al  7079 

75 

717 

Al  7079 

75 

684 

SS  304 

15 

685 

SS  304 

15 

672 

SS  304 

75 

673 

SS  304 

75 

702 

SS  304 

75 

703 

SS  304 

75 

680 

SS  316 

15 

681 

SS  316 

15 

678 

SS  316 

75 

679 

SS  316 

75 

704 

SS  316 

75 

705 

SS  316 

75 

682 

SS  347 

15 

683 

SS  347 

15 

674 

SS  347 

75 

675 

SS  347 

75 

686 

SS  420 

15 

687 

SS  420 

15 

706 

SS  420 

15 

707 

SS  420 

15 

676 

SS  420 

75 

677 

SS  420 

75 

700 

Copper 

15 

701 

Copper 

15 

608 

Copper 

75 

690 

Copper 

75 

694 

Cartridge  Braaa 

75 

605 

Cartridge  Braaa 

75 

606 

Cartridge  Braaa 

15 

607 

Cartridge  Braaa 

IS 

2.6016 

2. 7966 

2. 7624 

2. 8273 

2.8224  ^ 

2. 7909  H 

2.  3719 

9. 

2.3221 

2. 4936 

2. 4781 

2.  5003 

2. 4972 

•i 

2.  4649 

2.  5082 

■4 

2.4194 

2. 4257 

> 

2.3051 

• 

2. 1508 

2.3384 

2. 1948 

4 

2.  4807 

2.5671 

4 

2.5911 

• 

2. 6286 

2.  4598 

2. 6967 

4 

2.  5888 

• 

2.53  20 

15. 5228 

«k 

14. 5951 

15.  2750 

• 

14.3820 

4 

14.8949 

4. 

15. 1732 

4. 

16. 0333 

16.7154 

15. 6023 

4, 

17.7163 

19.0055 

18. 1909 

IS.  4750 

13.3431 

14. 2175 

14. 6835 

14.0845 

4 

13.S5779 

14.3415 

13. 9555 

13.9185 

13.7174 

8.9397 

** 

8.8062 

9.0881 

8.5638 

7.4784 

7.4907 

7.2524 

7.3131 

A1  2017 
A I  2017 
A1  2017 
A1  2017 
A1  2017 
A1  ri052 
A1  5052 
A1  5052 
A1  5052 
A1  5052 
A1  5052 
A1  5052 
A1  5052 
A1  5052 


A1  5052 
A1  6061 
A1  6061 
A1  6061 
A1  6061 
A1  7079 
A1  7079 
A1  7079 


A1  7079 
A1  7079 
A1  7079 
A I  7079 
A1  7079 
SS  304 
SS  304 
SS  304 
SS  304 
SS  304 
SS  304 
SS  316 
SS  316 
SS  316 
SS  316 
SS  316 
SS  316 
SS  347 
SS  347 
SS  347 
SS  347 
SS  420 
‘  SS  420 
SS  420 
SS  420 
,  SS  420 
SS  420 
‘  Copper 
Copper 
Copper 
Copper 

Cartridge  Brass 
Cartridge  Brass 
Cartridge  Brass 
Cartridge  Brass 

' 


1 .1 

15 

75 

75 

75 

75 

15 

15 

15 

15 

15 

15 

75 

75 

75 

75 

15 

15 

75 

75 

15 

15 

15 

15 

75 

75 

75 

75 

15 

15 

75 

75 

75 

75 

15 

15 

75 

75 

75 

75 

15 

15 

75 

75 

15 

15 

15 

15 

75 

75 

15 

15 

75 

75 

75 

75 

15 

15 


a.  u'j  lu 
2. 7966 
2.  7624 
2.  8273 
2.8224 
2. 7909 
2. 3719 
2.3221 
2. 4936 
2. 4781 
2.  5003 
2. 4972 
2.  4649 
2. 5082 
2.4194 
2.  4257 
2.3051 
2. 1508 
2.3384 
2. 1948 
2.  4807 
2. 5671 
2. 5911 
2.  6286 
2.  4598 
2.6967 
2. 5888 
2.  5320 
15. 5228 

14.  5951 

15.  2750 
14.3820 

14.  8949 

15.  1732 
16.0333 
16.7154 
15.6023 
17. 7163 
19. 0055 
18. 1909 
13.  4750 
13.3431 
14.2175 
11.  6835 
14.0845 
13.;  5779 
14.3415 
13.9555 
13.9185 
13.7174 

8.9397 
6.8082 
9.0681 
8. 5638 
7.4784 
7.  4907 
7.2524 
7.3131 


».  1 
♦  .4 
-.  1 

4.1 

4.2 
4.  1 

-.4 
-.  1 
-.  1 
-.  1 
4.  1 
4.  1 

4.3 
4.3 

0 
4.  1 
-.  1 
0 
0 
4.  1 
0 
4.  1 
-.2 
0 

-.  1 
4.2 
-.6 
0 

-.  1 
0 
-.3 
4.2 
4.  1 

4.2 
0 
0 

4.  5 
-.8 
0 
0 

-.8 
-.8 
-.  1 
-.2 
4.5 
-.1 
-.3 
-.  1 
0 
0 

-.1 

0 

4.3 
0 

-.1 

-.1 

-.1 

0 


f 


1 


^3 


TABLE  V 

COIiROSION  OF  METAL  SAMPLES  IN  LIQUID  FLUORINE  CONTAMINATED  WITH! 


Sample 

Number 

i£jtposure 

Time 
(mins. ) 

Alloy 

Original 
Weights 
(gms, ) 

Final 

Weights 

(gms.) 

We 

Chi 

722 

75 

A1  1100 

2.0456 

2.0453 

-0 

723 

75 

A1  1100 

2.0187 

2.0186 

-0 

724 

75 

A1  1100 

2.2056 

2.2056 

0 

72S 

75 

A1  1100 

2.0331 

2.0330 

-0 

726 

15 

A1  1100 

1.9811 

1.9810 

-0 

727 

15 

A1  1100 

2.  1019 

2. 1016 

-0 

728 

15 

A1  1100 

2. 1322 

2. 1322 

0 

729 

15 

A1  1100 

2.0516 

2.0515 

-0 

730 

75 

A1  6061 

2.2730 

2.2729 

-0 

731 

75 

A1  6061 

2.2058 

2.2059 

*0 

732 

75 

A1  6061 

2.1143 

2.1141 

-0 

733 

75 

A1  6061 

2. 1978 

2. 1977 

-0 

734 

15 

Al 6061 

2.3081 

2.3083 

*0 

735 

15 

A1  6061 

2.1238 

2. 1239 

*0 

736 

15 

Al  6061 

2.2031 

2.2032 

*0 

737 

15 

Al  6061 

2.0605 

2.0605 

0 

738 

75 

Al  5052 

1.9011 

1.9010 

-0 

739 

75 

Al  5052 

2.0357 

2.0363 

*0 

740 

75 

Al  5052 

1.8868 

1.8865 

-0 

741 

75 

Al  5052 

1.9023 

1.9017 

-0 

742 

15 

Al  5052 

2.0676 

2.0674 

-0 

743 

15 

Al  5052 

2.0010 

2.0008 

-0 

744 

15 

Al  5052 

1.9500 

1.9499 

-0 

745 

15 

Al  5052 

2.0425 

2.0423 

-0 

746 

75 

Al  2017 

2.6273 

2.6272 

-0 

747 

75 

Al  2017 

2.7278 

2.7277 

-0 

748 

75 

Al  2017 

2.7966 

2.7963 

-0 

749 

75 

Al  2017 

2.8717 

2.8716 

-0 

750* 

15 

Al  2017 

2.7598 

2.7585 

-1 

751* 

15 

Al  2017 

2.7936 

2.7926 

-1 

752* 

15 

Al  2017 

2.8255 

2.8244 

-1 

753* 

15 

Al  2017 

2.6892 

2.6886 

-0 

754* 

See  Note** 

Al  7079 

2.7593 

2.7584 

-0 

755* 

See  Note** 

Al  7079 

2.6860 

2.6851 

-0 

756* 

See  Note** 

Al  7079 

2,6921 

2.6916 

-0 

757* 

See  Note** 

Al  7079 

2.4778 

2.4773 

-0 

Notes; 

*  The  last  eight  samples  wore 

weighed  1  1/2  weeks  after 

the  exp< 

test. 

Explosion  occurred  In  sample  cell  after  30  minutes.  Sample 
slio\v(’d  a  sUjjlit  reaction. 


I 


toH: 


Wel 
Ch^ 
(J 

-0 
-0 
0 
-0 
-0 
-0 
0 

-0 
-0 
+0 
-0 
-0 
+0 
+0 
+0 
0 

-0 

>0 

-0 

-0 

-0 

-0 

-0 

-0 

-0 

-c 

-0 

•oj 

'-h 

-1- 

-0; 

•0; 

-Q, 

-0, 

-0 


ilc7i 


/ 


^3 


TABLE  V 

)N  OF  METAL  SAMPLES  IN  LIQUID  FLUORINE  CONTAMINATED  WITH  1.0%  OF2 


iple 

iber 

>2 

J3 

>4 


INoles: 


^^sure 
Time 
(mins. ) 

75 

75 

75 


Alloy 

A1  UOO 
A1  UOO 
A1  UOO 


Original 

Weights 

(gros.) 

2.0456 

2.0187 

2.2056 


Final 

Weights 

(gms* ) 

2.0453 

2.0186 

2.2056 


Weight 

Change 

(mg>) 

-0.3 
-0.  11 

0- 


p 

75 

Al  UOO 

2.0331 

2.0330 

-0. 1 

126 

15 

A1  UOO 

1.9811 

1.9810 

-0.1 

15 

Al  UOO 

2.1019 

2.1016 

-0.3 

128 

15 

Al  UOO 

2.1322 

2.1322 

0 

kg 

15 

Al  UOO 

2.0516 

2.0515 

-0.1 

75 

Al  6061 

2.2730 

2.2729 

-0.1 

pi 

75 

Al  6061 

2.2058 

2.2059 

..0. 1 

32 

75 

Al  6061 

2.1143 

2.1141 

-0.2 

53 

75 

Al 8061 

2. 1978 

2.1977 

-0.1 

34 

15 

Al  6061 

2.3081 

2.3083 

*■0. 2 

35 

15 

Al  6061 

2. 1238 

2.1239 

4O.I 

36 

15 

Al  6061 

2.2031 

2.2032 

+0. 1 

37 

15 

Al  6061 

2.0605 

2,0605 

0 

38 

75 

Al  5052 

1.9011 

1.9010 

-0.1 

39 

75 

Al  5052 

2.0357 

2.0363 

^0.6 

40 

75 

Al  5052 

1.8B68 

1.8865 

-0.3 

41 

75 

Al  5052 

1.9023 

1.9017 

-0.8 

42 

15 

Al  5052 

2,0676 

2.0674 

-0.2 

43 

15 

Al  5052 

2. 0010 

2.0008 

-0, 2 

m 

15 

Al  5052 

1.9500 

1,9499 

-0. 1 

>45 

15 

Al  5052 

2.0425 

2.0423 

-0.2 

46 

75 

Al  2017 

2.6273  . 

2.6272 

-0.1 

’47 

75 

Al  2017 

2.7278 

2.7277 

-0.1 

^48 

75 

Al  2017 

zAm 

2,7963 

m 

7$ 

AU017 

2.8717 

X8716 

'^^0.1 

15 

Al  2017 

2.7598 

2.7S95 

?51* 

15 

Al20n 

2/7936 

2,7926 

?52^ 

15 

A5  20t7 

2 .8265. 

.  .1,8244 

■:  -1.,  1 

15 

Ai201t 

.  t,mm 

2.6886 

-0«8 

nu* 

See  Note** 

A17070 

2.7593 

2.7584 

756* 

See  Note** 

AI7079 

2.6860 

2.6851 

-0.9 

7§e» 

See  Note** 

MWm 

2.6921 

2,6916 

-0.5 

m* 

See  Note** 

Al  7079 

2.4778 

2,4773 

-0.5 

•  The  last  eight  samjples  mte  weighed  1 1/2  after  the  ejqxjsare 
test. 

Explosion  occurred  in  sample  ceil  after  30  minutes.  Sample  7H 

Ali-eirlv*  _ _ _ _ _ _ _ _ . 


/-VI  11  \J\J 

Z.  IZZZ 

2.1322 

729 

15 

A1  1100 

2.0516 

2.0515 

730 

75 

Al  6061 

2.2730 

2.2729 

731 

75 

A1  6061 

2.2058 

2.2059 

732 

75 

Al  6061 

2.1143 

2.1141 

733 

75 

Al  6061 

2. 1978 

2.1977 

734 

15 

Al  6061 

2.3081 

2.3083 

735 

15 

Ai  6061 

2. 1238 

2.1239 

736 

15 

Al  6061 

2.2031 

2.2032 

737 

15 

Al  6061 

2.0605 

2.0605 

738 

75 

Al  5052 

1.9011 

1.9010 

739 

75 

Al  5052 

2.0357 

2.0363 

740 

75 

Al  5052 

1.8868 

1.8865 

741 

75 

Al  5052 

1.9023 

1.9017 

742 

15 

Al  5052 

2.0676 

2.0674 

743 

15 

Al  5052 

2.0010 

2.0008 

744 

15 

Al  5052 

1.9500 

1.9499 

745 

15 

Al  5052 

2.0425 

2.0423 

746 

75 

Al  2017 

2.6273 

2.6272 

747 

75 

AI  2017 

2.7278 

2.7277 

748 

75 

Al  2017 

2.7966 

2.7963 

749 

75 

Al  2017 

2.8717 

2.8716 

750* 

15 

Al  2017 

2.7598 

2.7585 

751* 

15 

Al  2017 

2.7936 

2. 7926 

752* 

15 

Al  2017 

2.8255 

2.8244 

753* 

15 

Al  2017 

2.6892 

2.6886 

754* 

See  Note** 

AI  7079 

2.7593 

2.7584 

755* 

See  Note** 

Al  7079 

2.6860 

2.6851 

756* 

See  Note** 

Al  7079 

2.6921 

2.6916 

757* 

See  Note** 

Al  7079 

2.4778 

2. 4773 

Notes: 

*  The  last  eight  samples  were  weighed  1  1/2  weeks  after  the 
test. 

•*  Explosion  occurred  in  sample  cell  after  30  minutes,  Saraf 
showed  a  slight  reaction. 

758 

75 

Al  7079 

3,0240 

3.0245 

m 

75 

Al  7079 

2.9980 

2. 9982 

760 

75 

Ai  7079 

2*9847 

2.9848 

761 

75 

Al  7079 

2.0957 

2.6956 

762 

15 

Al  7079 

2.4843 

2.4842 

763 

15 

Ai  7079 

2.5828 

2.5823 

764 

15 

Al  7079 

2,4579 

2,4573 

765 

15 

A17079 

2.5650 

2.5855 

768 

75 

SSS04 

13.4790 

13.4760 

767 

75 

SS  304 

13.6023 

13.8022 

788 

■  75 

SS304 

14.2583 

14,2581 

769 

75 

SS304 

14.8753 

14.87S3 

770 

15 

SS304 

14.7416 

14.7418 

77  S 

15 

SS304 

14.0058 

14,9050 

m 

15 

SS304 

13.8328 

13.8329 

m 

15 

SS304 

14.1542 

14,1543 

774 

75 

SS  316 

13.5268 

13,5264 

77S 

7$ 

13,0!O3 

13,0099 

7T8 

75 

3S3W 

13.8S80 

13.8581 

771 

75 

SBm 

14.0162 

14.9168 

the  ei 


75 

A1  6061 

2.2730 

2.2729 

-O.l 

75 

A1  6061 

2.2058 

2.2059 

+0.1 

75 

A1  6061 

2.1143 

2.1141 

-0.2 

75 

Al  6061 

2.1978 

2. 1977 

-0.1 

15 

A1  6061 

2.3081 

2.3083 

+0.2 

15 

Al  6061 

2.1238 

2.1239 

+0.1 

15 

Al  6061 

2.2031 

2.2032 

+0.1 

15 

Al  6061 

2.0605 

2.0605 

0 

75 

Al  5052 

1.9011 

1.9010 

-0.1 

75 

Al  .5052 

2.0357 

2.0363 

+0.6 

75 

Al  5052 

1.8868 

1.8865 

-0.3 

75 

Al  5052 

1.9023 

1.9017 

-0.6 

15 

Al  5052 

2.0676 

2.0674 

-0.2 

15 

Al  5052 

2.0010 

2.0008 

-0.2 

15 

Al  5052 

1.9500 

1.9499 

-0.1^ 

15 

Al  5052 

2.0425 

2.0423 

-0.2 

75 

Al  2017 

2.6273 

2.6272 

-0.1 

75 

Al  2017 

2.7278 

2.7277 

-0.1 

75 

Al  2017 

2.7966 

2.7963 

-0.3 

75 

Al  2017 

2.8717 

2.8716 

-0.1 

15 

Al  2017 

2.7598 

2.7585 

-1.3 

15 

Al  2017 

2.  7936 

2.7926 

-1.0 

15 

Al  2017 

2.8255 

2.8244 

-1.1 

15 

Al  2017 

2.6892 

2.6886 

-0.6 

See  Note** 

Al  7079 

2. 7593 

2.7584 

-0.9 

See  Note** 

Al  7079 

2.6860 

2.6851 

-0.9 

See  Note** 

Al  7079 

2.6921 

2.6916 

-0.5 

See  Note** 

Al  7079 

2.4778 

2.4773 

-0.5 

1 

2 

3 

4 

5 

6 

7 

8 
9 

to* 

il* 

)2* 

>3* 

>4* 

)5* 

)6* 

>7* 


lotes:  *  The  last  eight  samples  were  weighed  1  1/2  weeks  after  the  exposure 
test. 

••  Explosion  occurred  in  sample  cell  after  30  minutes.  Sample  756 
showed  a  slight  reaction. 


58 

/5 

Al  7079 

3.0240 

3.0245 

+0.5 

59 

75 

Al  7079 

2.9980 

2.9982 

+0.2 

60 

75 

Al  7079 

2.9847 

2.0848 

♦0.1 

61 

75 

Al  7079 

2.9957 

2.9956 

-0.1 

62 

15 

Al  7079 

2.4843 

2.4842 

-0.1 

63 

15 

Al  7079 

2.5628 

2.5823 

-0.5 

64 

15 

Al  7079 

2.4579 

2.4573 

-0,6 

165 

15 

Al 7079 

2.5659 

2. 5655 

-0.4 

m 

75 

SS  304 

13.4700 

13. 4789 

-0.1 

re? 

75 

SS304 

13,8023 

13.8022 

-0.1 

res 

75 

SS304 

14.2583 

14.2581 

-0.2 

I6B 

75 

SS304 

14.8753 

14.8753 

0 

?70 

15 

SS304 

14.7416 

14.7418 

+0.2 

J7i 

15 

SS304 

14.9058 

14.9059 

+0.1 

772 

15 

SS304 

13.8328 

13.8329 

+0.1 

773 

15 

SS304 

14.1542 

14. 1543 

♦0.1 

774 

75 

^316 

13.5266 

13.5264 

+0.4 

'775 

75 

SS3\6 

13.0103 

13.0090 

-0. 4 

776 

75 

sssia 

13.8580 

13.8581 

+0.1 

777 

75 

SS3I6 

14.9162 

14.0168 

+0.6 

3 


H 


I 
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TA3LE  V  (Continued) 


CORROSION  OF  METAL  SAMPLES  IN  UQUID  FLUORINE  CONTAMLMATED  WITH  1. 0%  OF2 


Sample 

Number 

Exposure 
Time 
(mins. ) 

Alloy 

Original 

Weights 

(gms.) 

Final 
W'elghts 
(gms. ) 

Weight 

Change 

(mg.) 

778 

15 

SS  316 

14.2930 

14.2932 

>0.2 

779 

15 

SS  316 

14. 4870 

14.4871 

>0.1 

780 

15 

SS  316 

13.7539 

13.7536 

-0.3 

781 

15 

SS  316 

14.2784 

14.2765 

>0.1 

782 

75 

SS347 

13.4460 

13.4459 

-0.1 

783 

75 

SS  347 

13.1328 

13. 1325 

-0.3 

784 

75 

SS  347 

13.1461 

13.1458 

-0.3 

785 

75 

SS  347 

12. 5850 

12.5848 

-0.2 

786 

15 

SS  347 

14.0841 

14.0838 

-0.3 

787 

15 

SS  347 

13.1410 

13.1419 

>0.9 

788 

15 

SS347 

13.0368 

13.0368 

0 

789 

15 

SS  347 

13.5973 

13.5965 

-0.8 

790 

75 

SS  420 

12.4321 

12.4328 

>0.7 

791 

75 

SS  420 

13.7836 

13.7842 

>0.6 

792 

75 

SS  420 

13.0705 

13.0713 

>0.8 

793 

75 

SS  420 

18.2577 

13.2561 

-1,6 

794 

15 

SS420 

13.1820 

13.1828 

>0.8 

795 

15 

SS  420 

13.0607 

13;0610 

>0.3 

796 

15 

SS  420 

13.4896 

13.4902 

>o:6 

798 

75 

Cartridge  Brass 

7.4749 

7.4751 

>0.2 

799 

75 

Cartridge  Brass 

7. 4866 

7.4868 

>0.2 

800 

75 

Cartridge  Brass 

7.2449 

7.2447 

-0.2 

801 

75 

Cartridge  Brass 

7.3088 

7.3088 

0 

802 

IS 

Cartridge  Brass 

7. 3150 

7.3158 

>0.6 

803 

15 

Cartridge  Brass 

7.3383 

7.3392 

>0.9 

804 

IS 

Cartridge  Bra.ss 

7.3731 

7.3738 

*0.7 

805 

15 

Cartridge  Brass 

7.1715 

7.1721 

>0.6 

806 

75 

Copper 

5.8939 

S.89S5 

-0.4 

807 

75 

Copper 

5.9902 

5.9908 

>0.6 

808 

75 

Copper 

6. 1970 

6. 1971 

>0.1 

809 

75 

Copper 

5.6426 

5.6431 

♦0.5 

810 

15 

Copper 

6.2655 

6.2663 

♦0.8 

811 

15 

Copper 

5.8575 

5.8583 

♦0.8 

812 

15 

CtipiM’r 

5.4876 

5.4882 

♦o.e 

•IS 

ts 

Copper 

6.6777 

5.6766 

♦0.0 

•54 

75 

Nickel 

16.0574 

16.0576 

-0.1 

85$ 

75 

Nickel 

18. 1038 

19. 1640 

♦0.2 

•56 

75 

Nickel 

10.6S91 

16.8294 

♦0.3 

•57 

75 

Nickel 

10.5873 

19.5873 

0 

858 

15 

Nickel 

10.5418 

19.5417 

-0.1 

859 

IS 

Nickel 

15.4427 

15.4429 

♦0.2 

860 

IS 

Nickel 

18.6230 

16.6236 

♦0.3 

861 

IS 

Nickel 

17.0068 

17.9967 

-0.1 

TABLE  VI 


CORROSION  OF  METAL  SPECIMENS  IN  LIQUID  FLUORINE  CONTAMINATED  WITH  10«?;  OF2 


Sample 

Number 

Exposure 
Time 
(mins. ) 

Alloy 

Original 

Weights 

(gms.) 

Final 
W'eights 
(gms. ) 

Weight 

Change 

(mg.) 

814 

75 

A1  6061 

2.1593 

2.1593 

0 

815 

75 

Al  6061 

1.9998 

1.9997 

-0.1 

816 

75 

A1  6061 

2. 1955 

2.1954 

-0.1 

817 

75 

Al  6061 

2.1750 

2.1749 

-0.1 

818 

15 

Al  6061 

2.0487 

2.0485 

-0,2 

819 

15 

Al  6061 

2.0200 

2.0199 

-0.1 

820 

15 

Al  6061 

2.0242 

2.0241 

-0.1 

821 

15 

Al  6061 

2.0646 

2.0644 

-0.2 

822 

75 

Copper 

6.5514 

6.5525 

*1.1 

823 

75 

Copper 

6.7172 

6.7182 

*1.0 

824 

75 

Copper 

5.8251 

5.8261 

*1.0 

825 

75 

Copper 

6.3102 

6.3108 

*0.6 

826 

15 

Copper 

6.2154 

6.2161 

*0. 7 

827 

15 

Copper 

6. 1841 

6. 1849 

*0. 8 

828 

15 

Copper 

6.7667 

6.7685 

*1.8 

829 

15 

Copper 

6.3422 

6.3426 

*0. 4 
*1.0 

830* 

75 

Al  6061 

2.1584 

2. 1594 

831* 

75 

Al  6061 

1.9977 

1.9994 

*1.7 

832* 

75 

Al  6061 

2.1942 

2. 1975 

♦3.3 

833* 

75 

Al  6061 

2. 1739 

2. 1759 

*2.0 

834* 

15 

Al  6061 

2.0477 

2.0479 

*0. 2 

835* 

15 

Al  6061 

2.0188 

2.0189 

*0. 1 

836* 

15 

Al  6061 

2. 0234 

2.0236 

♦0.2 

837* 

15 

At  6061 

2.0636 

2.0635 

-0.1 

838 

15 

SS  304 

13.4808 

13,4810 

♦0. 2 

839 

IS 

$S  304 

13.8048 

13.8050 

*0. 2 

840 

IS 

SS  304 

14.2599 

14.2605 

*0. 6 

841 

IS 

SS  304 

14.87B2 

14.8777 

-0.5 

842 

75 

SS  304 

14.7346 

14.7349 

*0.3 

843 

75 

SS  304 

14.9080 

14.9081 

*0. 1 

844 

75 

SS  304 

13.8347 

13.8348 

*0.1 

845 

75 

SS304 

14.1560 

14.1560 

0 

846 

IS 

Cartridge  Brass 

7.2713 

7.2717 

♦0,4 

847 

15 

Cartridge  Brass 

7.4773 

7.477? 

♦0, 4 

848 

15 

Cartridge  Brass 

7.2389 

7.2592 

♦0.3 

840 

IS 

Cartridge  Brass 

7.3021 

7.S(S6 

♦0. 5 

850 

75 

Cartridge  Brass 

7.2990 

7.2991 

*0. 1 

851 

75 

Cartridge  Brass 

7.3180 

7.3181 

♦0. 1 

852 

75 

Cartridge  Biass 

7.3573 

7.3576 

♦0.3 

853 

75 

Cartridge  Brass 

7.1541 

7.1542 

♦0. 1 

•A  rtchcck  «as  run  on  tim  AUicoinum  cAiiipIns. 


TABLE  Vn 

COBfPARISON  OF  AVERAGE  WEIGHT  CHANGE  OF  METAL  SAMPLES  EXPOSED  TO  UQUID 
CYLINDER  FLUORINE  AND  LIQUID  FLUORINE  CONTAMINATED  WITH  OF2 


Avenge  Weight  Char 


IS  Minute  Ej 


75  Minute  Ei 


Alloy 

In  Cylinder  In  Fluorine  In  Fluorine 
Fluorine  and  1%  OF2  and  10%  OF2 

In  Cylinder 
Fluorine 

In  Fluorine 
and  1%  OF2 

In  Fluorine 
and  10%  OF2 

Aluminum  1100 

-0.067 

-0. 125 

*  w  *  « 

40.150 

•0. 125 

•  «  •  « 

Aluminum  2017 

^0.250 

-1.000 

.... 

40.075 

-0.150 

W  «  « 

Aluminum  5052 

-0.083 

-0. 175 

-  -  -  - 

4O. 175 

-0. 100 

.  -4  •  ^ 

Aluminum  6061 

-0.050 

40. too 

-0. 150 

40. 100* 

4O.OSO 

-0.075 

•0,075 
*2. 000* 

Aluminum  7079 

-0.025 

-0.400 

.... 

-0. 125 

4O. 175 

.... 

304  S.S. 

-0.050 

4O. 125 

4O. 125 

4O.OSO 

-0. 100 

4O. 125 

316  S.S. 

0.000 

40.025 

.... 

-0.075 

4O. 175 

.... 

347  S.S. 

-0.800 

-0.050 

.  .  .  - 

-0.150 

•0.225 

.... 

420  S.S. 

0.000 

-0.567 

.... 

0.000 

40. 125 

.... 

Copper 

-0.050 

0.775 

40.925 

40.150 

40.200 

40.925 

Cartridge  Brass 

-0.050 

0.750 

40.400 

-0.100 

40.050 

40.  ISO 

*Du{>Uc«te  Run 


✓ 


i 


1 


Run 

No. 

M«al 

Powder 

l^eighi 

Sample 

(gn».) 

Temp, 

"F 

16 

Nickel 

119.63 

86 

17 

Copper 

61.42 

86 

18 

Nickei 

133.39 

86 

19 

Monel 

126.79 

86 

20 

Bniss 

130. 10 

86 

21 

Copper 

66.16 

86 

22 

Aluminum 

36.53 

36 

23 

Monel 

137.03 

86 

24 

Brass 

83.99 

86 

2f> 

Titanium 

50.46 

86 

2ft 

316  S.S. 

ni.7 

86 

TABLE 


SUMMARY  OF  FILM 

THICKNESS 

Initial  F2 

Pressure  in 

Contact  with 

Thickness 

Sample  (mmHg  abs) 

After  1  hr. 

496 

9. 1 

485 

7.7 

512 

10.3 

516 

19.3 

517 

3.27 

494 

4.56 

533 

4.2 

541 

9.0 

505 

5. 75 

538 

^  m  m 

535 

5.0 

27 

347  S.S. 

103.4 

86 

533 

5.4 

26 

304S.S. 

100.3 

86 

500 

8,0 

29 

Monel 

111.6 

-113 

690 

6.7 

30 

Brass 

102.8 

-113 

698 

3,1 

31 

Monel 

98.31 

+183 

498 

3.9 

TABLE  VIII 


BLE  4 


BASlI 


KNESS  MEASUREMENTS  ON  METAL  POWDERS 


pess 
[  1  hr. 


Thickness  End  of  Length  of  Sensitivity  Residual  Gas 
After  2, 5  hr.  Run  Run{hrs.  )  ^  Analysis 


Remarks 


9.7 

12.42 

24.2 

0.2 

9.  4 

23.0 

95.0 

0.2 

11.1 

14.8 

23.4 

0.  1 

10.  2 

29.8 

71.6 

0.3 

3.37 

9.98 

46.7 

0. 1 

5.  5 

19.62 

94.0 

0.1 

5.0 

13.9 

91.1 

0.3 

9.9 

10.87 

24.5 

0.4 

6.24 

10.62 

67.3 

0.2 

.  .r 

«  * 

*  • 

-  -  ^ 

5,8 

16.7 

22.0 

0.2 

Powder  caked  on 
sides  of  cell.  Powder  found  in 
coil  used  to  increase  system  vol¬ 
ume.  Reaction  increased  after 
overnight  exposure.  * 

6.6 

11.4 

18.8 

0.4 

Oilve  and  orange 
fluoride  in  cell  noExle.  Powder 
removed  and  recharged.  Reaction 
occurred. 

8.8 

14.4 

22.1 

0.3 

Powder  removed 
and  recharged.  Reaction  occurred. 

8.8 

167.0 

27.9 

0.6 

Note  large  film 
alter  overnight  exposure. 

3.4 

6.8 

26.7 

0.2 

Powder  removed 

and  recharged.  Reaction  occurred. 

9. 1 

44.6 

74.8 

0.5 

7. 7%  lir,  also 

C02,  CF4, 

SiF^  andtm* 
iuiu)«o. 

Nlck%>l  and  copper 
fluorides  In  passivated  poader 
whteh  was  (tarker  than  fresh  pow¬ 
der.  Reaction  tncreased  iMter  68 
hrs.  *  Rescted  during  Pjt 
atandsrdtaatlon  due  to  possible 
leak.  Aialysla  of  after  F2 
alandardUattofi  HF,  COg,  SiFg. 


✓ 


TABLE  VUI  (Conti 
SUMMARY  OF  FILM  THICKNESS  MEASUR] 


Initial  F2 

Weight  Pressure  in 


Run 

No. 

Metal 

Powder 

Sample 

(gm.) 

Temp. 

•F 

Contact  with 
Sample  (mmHg  abs) 

Thickness 
After  1  hr. 

Thic 

After 

40 

Aluminum 

28.26 

-113 

687 

6.5 

41 

410  S.S. 

100.06 

86 

503 

8.5 

10.1 

42 

316  S.S. 

84.22 

-113 

679 

5.0 

5.; 

43 

304  S.S. 

91.93 

-113 

680 

5. 1 

6. : 

44 

Nickel 

106.30 

♦  183 

479 

5.8 

6.1 

45 

347  S.S. 

97.83 

-113 

686 

13.0 

14.1 

46 

316  S.S. 

89.34 

183 

471 

30.8 

32.9 

47 

410  S.S. 

93.3 

•113 

686 

22.1 

24.3 

48 

304  S.S. 

92.43 

*183 

474 

12.0 

16.8 

49 

Titanium 

39.93 

-U3 

656 

76.6 

77.0 

SO 

Titanium 

10.50 

-113 

624 

5.6 

5.9 

ABLE  Vin  (Continued) 

KNESS  MEASUREMENTS  ON  METAL  POWDERS 


kness 
r  1  hr. 


Thickness 

End  of 

Length  of 

Sensitivity 

Residual  Gas 

fter  2. 5  hr. 

Run 

Run  (hrs.) 

_ A 

Analysis 

•  •  » 

163 

118.0 

0.6 

No  HF 

10.5 

63.8 

71.0 

0.7 

8.5%  HF 

5.2 

8.6 

21.3 

0.4 

2.3%  HF 

6.1 

44.0 

25.6 

0.5 

1. 1%  HF 

6.1 

8.1 

21.0 

0.  1 

21.9%  HF 

14.1 

40.6 

28.2 

0.6 

0. 6%  HF 

Remarks 


0.  e'f  HF  After  Fa 

standardization, 
the  test  cell  was  purged  and  evacu 
atcd  for  1  1/2  hrs.  When  opened 
the  cell  contained  a  golden  fluore¬ 
scent  vapor  which  illuminated  the 
interior  of  the  cell  when  a  light 
was  shined  In.  This  vapor  dia- 
appeared  as  the  atmosphere  con¬ 
tacted  it.  The  vapor  had  no  odor. 
The  powder  had  a  yellow-green 
film  when  removed  hut  this  dis¬ 
appeared  as  the  atmosphere  con¬ 
tacted  it. 


32.9 

35,4 

97.8 

0.2 

HF-NiL  1.1% 
CO2,  10  ppm 
CF4 

Run  4  days  to 
check  effect  of 
prolonged  ex¬ 
posure. 

24.3 

25.9 

25.2 

1,2 

0.2%HF,  20 
ppm  CF4 

16.8 

77,0 

46  6 
77,1 

24.4 

5.4 

0.2 

0.2 

One  minute  file 
of  74. 1  A  imlicated  vlalent  initial 
reaction. 

S.9 

23.5 

24.0 

1.0 

Repeat  oS  prev- 

tous  run  with  amalter  sam|^ 


TABLE  VIII  (Continued) 
SUMMARY  OF  FILM  THICKNESS  MEASUREMEN1 


Hun 

No. 

Motal 

Pi>wder 

Weli'ht 
Sample 
(km. ) 

Temp 

•F 

Initial  F2 
Pressure  in 
Contact  with 
Sample  (mmllg  abs) 

Thickness 

After  1  hr. 

Thickness 
After  2.  5  hi 

51 

347  S.S. 

94.78 

4  183 

470 

9.3 

11.9 

52 

Nickel 

93.65 

-297 

322 

4.4 

3.9 

53 

54 

410  S.S. 
Monel 

88.48 

102.31 

♦  183 
-297 

470 

323 

29.3 

0 

43.0 

0 

55 

Brass 

150.2? 

♦  183 

487 

1.9 

2,€ 

57 

Coppt*r 

56.47 

.183 

458 

7.  1 

9.6 

59 

Aluminum 

33.02 

.133 

468 

1.6 

... 

04 

Titanium 

39. 95 

-297 

302 

System  pressu'^c  dropped 
mmll^  m  7  minutes  c 

0. 28  gm  F2  (equivalent  l 
film) 

Le;Ak«  {tastiibly  caused  by  tapping  ^mple  tiomb  during  nin  to  see  t(  agitation  of  the  poader  woul 
faffing.  The  effect  of  a  tiny  leak  is  to  reduce  system  pressure  as  water  seeps  into  the  system 
Is  consumed.  Pressui'c  Increases  in  the  system  when  water  enters  taster  Uun  HF  reacts  with 
found  in  the  cell  and  IR  analysis  showing  HF  present  in  residual  gas. 

RMi 


i 

1 


LK  Vll'j  (Continued) 

ESS  MI‘:\SUREMENTS  ON  METAL  POWDERS 


PS  Thickness 

End  of 

Length  of 

Sensitivity 

Residual  Gas 

hr.  After  2.5  hr. 

Run 

Run  (hrs. ) 

A 

Atulysis 

Remarks 

11.9 

27.8 

30.4 

0.3 

15.  2T.  HF 

L  eaks  in  IR  Cell 
discovered  for 

this  run  and  several  others  where 
residual  gas  composition  is  not 

reported. 

3.9 

3.25 

21.4 

0.6 

0.7^HF 

First  run  at 
-297“  F.  Tech- 

nique  for  runs  at  this  temperature 
was  being  developed.  Pressure 
be(;^n  to  increase  after  first  hour 

exposure. 

;  43.0 

90.7 

24.5 

0.6 

12. 9T  HF 

0 

0 

6.  5 

2.0 

6.6"?  HF, 

No  reaction 

10  ppm  CF4 

detected. 

2.6 

3.46 

23.  i 

0. 1 

29.2%  HF, 
traces  CO2 
and  CF4 

9.6 

23.0 

24.7 

0. 14 

19.2%  HF, 

Passivated  pow¬ 

traces  CO2 

der  was  purple 

and  CF4 

and  lumpy. 

»  .  -  - 

«  • 

21.6 

0.3 

Pressure  dipped 

to  a  minimum  in  101  minutes  then 
increased  15  mm  in  15  hours. 

em  pressure  dropped  to  2 
^  abs  in  7  minutes  consuming 

1  gm  F2  (equivalent  to  76.7  A 
) 

0.5 

fin  o(  the  powder  would  Increase  reaction.  In  run  31,  system  pressure  increased  after  such 
eeps  into  the  system  and  reacts  with  the  fluorine  to  produce  HF  which  attacks  the  powder  and 
than  HF  reacts  with  the  powder.  The  leaks  were  confirmed  by  corrosion  products  being 


TABLE  IX 


f 

I 


SUMMARY  OF  FILM  THICKNESSES  ON  METAL  POWDEI 
TEMPERATURES  AND  TIMES  OF  EXPOSUF 


+183"  F  +86*  F 


Metal 

Film  Thickness  -  A 

End  of 

1  hr  2.  5  hrs  Run 

Total 

Time 

(hrsj 

Film  Thickness  -  A 
End  of 

!  hr  2.5  hrs  Run 

Aluminum 

1.6 

1.7 

21.6 

4 

5 

13.9 

Brass 

1.9 

2.1 

3.46 

23. 1 

3.28 

(5,64)* ** 

3.4 

10.0 

Copper 

7.1 

10.5 

23.0 

24.7 

4.26 
(7.  70)* 

5.8 

19.7 

Monel 

Nickel 

5.8 

6.1 

8.  11 

21 

9,02 

(IO.Sj^ 

11.1 

15.8 

304  Stainless  Steel 

12.0 

16.8 

46.8 

24.4 

8.0 

8.8 

14.35 

316  Stainless  Steel 

30.8 

32.9 

35.4 

97.8 

5.0 

5,8 

16.7 

347  Stainless  Steel 

9.3 

11.9 

27.8 

30.4 

5.4 

6,6 

11,35 

410  Stainless  Steel 

29.3 

43.0 

90.7 

24.5 

8.5 

10.5 

63.8 

Titanium 

^  -r 

•  DuplicaU* 

**  Sample  exploded  on  c*X{K>&ure  to  fluorine. 


3ERS 

SURE 


TABLE  IX 

F  FILM  THICKNESSES  ON  METAL  POWDERS  AT  VARIOUS 

TEMPERATURES  AND  TIMES  OF  EXPOSURE 

>86“  F 

-n3'’F 

■  X 

nd  of 
Run 

Total  Film  Thickness  -  X 

Time  End  of 

(hrs)  1  hr  2. 5  hrs  Run 

Total 

Tinne 

(hrs) 

Film  Thickness  -  X 
End  ( 

1  hr  2.5  hrs  Run 

{vnrR>. 


TABLE  X 


SUMMARY  OF  FILM  THICKNESSES  ON  MONEL  POWDER  AT 
VARIOUS  TEMPERATURES  AND  TIMES  OF  EXPOSURE 


Run 

No. 

Temp. 

0  p 

Film  Thickness,  (A) 

Run  Time 
(hours) 

Average 

Formation 

Rate,  (A/hr; 

l^hr 

2  hr 

End  Run 

19 

86 

9.0 

9.9 

29.8 

71.3 

0.417 

23 

86 

9.0 

9.9 

11.2 

24.1 

0.469 

29 

-113 

6.7 

8.4 

167 

27.9 

6.0 

31 

183 

8.9 

9.2 

31.0 

68.25 

0.452 

44.8* 

74.75 

0.600* 

34 

86 

8.3 

8.6 

13.9 

19.1 

0.728 

35 

86 

n.45 

. — 

35.3 

22,0 

1.61 

37 

86 

3.1 

3.8 

8.3 

70 

0.119 

39 

86 

7.2 

8.8 

30.3 

115 

0.263 

tor 


TABLE  XI 

APPARENT  REACTIONS  OF  METAL  POWDERS  AND  GASEOUS  FLUORINE  A 


Pressure  Drop  romHg _  Apparent  Film  Th! 


Run  No.  and  Alloy 

IS  Min. 

SO  Min. 

60  Min. 

15  Min. 

30  Mil 

52  -  Nickel 

420.5 

427.0 

427.8 

4  6.67 

49.04 

54  >  Monel 

-12.0 

-11.0 

-  9.0 

-  l.OO 

-0.92 

56  >  316  S.S. 

4  7.5 

4  9.5 

4  7,0 

4  2.94 

43.73 

58  -  304  S.S.* 

410.0 

413.7 

414.0 

4  5.34 

47,32 

60  -  347  S.S. 

4  l.O 

4  2.6 

-  2.5 

4  0.78 

42.03 

6!  •  410  S.S. 

4  9.5 

4  4.0 

4  2.0 

412.91 

45.44 

63  -  Brass 

-  4.8 

-  0.6 

-  1.8 

-  7.21 

-0.09 

63  -  Copper 

.  0.5 

0 

0 

-  0. 14 

0 

65  -  Titanium 

4  1.5 

4  2.0 

4  2.0 

4  1.25 

41.67 

66  •  Aluminum 

4  4.5 

4  4.0 

4  4.0 

4  2.64 

42.35 

Method  ot  Calcuiatitm;  (I)  Plot  nitrogen  standards..  Iluorlne  standard,  and  reaction 

curves  «  system  pressure  vs.  time  cd  exposure. 


(2)  Head  pressure  difference  from  curves;  fluorine  slancMi 
fluorine  reaction  pressure  at  15,  30,  and  60  minute  tlmi 


(3)  Calculate  film  thickness:  d 


1  Wm 


*No  fluorine  standard  was  taken.  Nitrogen  standard  tHis  used  to  get  A  P. 


( 

TABLE  XI 

>ARENT  REACTIONS  OF  METAL  POWDERS  AND  GASEOUS  FLUORINE  AT  -29r  F 


Pressure  Drop  mmHg 


Apparent  Film  Thickness  -  A 


15  Min. 

30  Min. 

60  Min. 

15  Min. 

30  Min. 

60  Min 

\ 

♦20.5 

♦27.8 

♦27.8 

♦  6.67 

♦9.04 

♦9.04 

-12.0 

-11.0 

-  9.0 

-  1.00 

>0.92 

-0.75 

s. 

♦  7.5 

♦  9.5 

♦  7.0 

♦  2.94 

♦3.73 

♦2.75 

s.* 

♦10.0 

♦13.7 

♦14.0 

♦  5.34 

♦7,32 

♦7.46 

s. 

♦  1.0 

♦  2.6 

-  2.5 

♦  0.78 

♦2.03 

-1.95 

s. 

♦  9.5 

♦  4.0 

♦  2.0 

♦12.91 

♦5.44 

♦2.72 

-  4.6 

-  0.6 

-  1.8 

-  7.21 

-0.09 

-0.28 

r 

-  0.5 

0 

0 

-  0.14 

0 

0 

urn 

♦  1.5 

♦  2.0 

♦  2.0 

♦  1.25 

♦1.67 

♦1.67 

num 

♦  4.5 

♦  4.0 

♦  4.0 

♦  2.64 

♦2.35 

♦2.35 

tton  oC 


(binji 

lme8. 


:ulculation:  (1)  Plot  nitrogen  standards,  fluorine  standard,  and  reaction  of  fluorine 
curves  •  system  pressure  vs.  time  of  exposure. 

(2)  Read  pressure  difference  from  curves:  fluorine  standard  pressure  • 
fluorine  reaction  pressure  at  15,  30,  and  00  minute  times. 


(3)  Calculate  film  thickness;  d  = 


F  VtAP 


T  W. 


(see  text). 


|e  standard  was  taken.  Nitrogen  standard  was  used  to  get  ^  P. 


TABLE  XII 


*  w/ 

/^/ 


CORROSION  OF  METAL  SPECIMENS  IMMERSED  IN  LIQUID  FLUORINE  FOR  ONE  ^ 


A 

B 

C 

D 

E 

Sa  mple 

WVijihl 

W<*i(iht 

DiffmMics’ 

Sa  mplr 
Weight 

WeigI' 

Differei 

Aftor 

Brforr 

After 

Aftei 

Sa  inplf 

K  xpnsun* 

Expi  1.811  rr 

CU'anint^ 

Cleaning 

Cleanii 

Numbt'  f 

Mrtal 

(sMU) 

>Kni) 

(gm,  B-A) 

(gm) 

fgm.  D 

1 

S.S.  304 

18. 6849 

IH. 6873 

.0. 0024 

18.6858 

-O.OOOS 

2 

18. 5512 

18.  5540 

.0. 0028 

18. 5486 

-0.002f 

3 

18. 7305 

18.7298 

-0.0007 

18.7303 

-0.0005 

4 

18.6154 

18.6210 

.0.  0056 

18.6163 

.O.OOOG 

3 

18. 5245 

18. 5325 

.0.0080 

18.5267 

.0.0022 

fi 

S.S.  410 

17.8507 

17. 8298 

-0.  0209 

17.8024 

-0.  0482 

7 

Ih. 1199 

18. 0981 

-0. 0218 

18.0772 

-0.042’ 

h 

17. 8918 

17. 8766 

-0.0152 

17.8676 

-0.0342 

3 

17.9080 

17. 8905 

-0. 0175 

17.8857 

-0.022' 

10 

’8.  019  i 

18.0123 

-0. 0068 

17.9984 

-0.  020' 

11 

13-7  Mom'l 

17.9713 

17.9760 

.0.0047 

17.9721 

.O.OOOt 

12 

17.9272 

17.9371 

.0. 0099 

17.9266 

-O.OOW 

13 

18. 1022 

18. 1104 

.0. 0082 

IT  1044 

.0.0022 

14 

17.9481 

17, 9553 

.0. 0072 

17.9510 

.0.0025 

If) 

17. 9088 

17.9144 

.0.0056 

17.9089 

.0.000’ 

10 

(''■ppiT 

19. 5659 

19. 5715 

.0.0056 

19. 5632 

-0,  002’ 

17 

19. 7531 

19. 7639 

.0.  0108 

19. 7536 

.0.  OOOf 

IH 

19. 6306 

19. 6379 

,U. 0073 

19.6298 

-0.  OOOt 

L* 

19  .  7f:9l 

19.7752 

.0,  0t9>l 

19. 7697 

.0.000* 

20 

19.6955 

19. 7001 

.0. 0046 

19 . 6938 

-0.  oor 

21 

Al  1100 

6. 3930 

6 .  36 1  s> 

-0. 0314 

6.3442 

-0.  04HJ 

•!■> 

6. 4349 

6.41 0*) 

-0.  0243 

6.3927 

-0.042: 

23 

6. 3277 

6.  3046 

-0. 0233 

6 . 2h7h 

-0.  03‘1! 

24 

6. 3h76 

6, 3688 

-0  OlHH 

6.3561 

-0.031 

27 

6.  3828 

6.3675 

-0. 0153 

6,3514 

-0.031 

20 

As  *o)»(l 

6  008  “ 

5.  9928 

0. 0160 

5.  9773 

-0.031 

27 

5.  9M!^ 

5, 9697 

-0,0121 

5.9523 

-  *1.029 

2H 

6. 0216 

6.  0163 

0,  005.3 

5.9784 

-0.0421 

21* 

5.  9744 

.  9578 

-0.  0166 

5.9411 

-0.  033 

30 

5.9193 

5,  8964 

-0.  0209 

5,HH60 

-0. 033 

31 

Snk«‘l 

20.  4919 

20. 4052 

.0.  Oi>33 

20. 4H84 

-0.  0021 

32 

20. 4087 

20. 4149 

.0.0062 

20.  4iKH2 

-0.00(» 

33 

20. 6207 

20.62H1 

.0. 0074 

20.6221 

.0. 001 

34 

20. 5791 

20.  5909 

.0.0208 

20. 5823 

*0  .  lK)3 

35 

20.6101 

20.6306 

.0.0105 

20.6139 

.0.  U03 

3<; 

20.  5204 

20.  5566 

.0.0072 

20. 5284 

-0.001 

37 

20. 4504 

20. 4604 

>0.0100 

20. 4500 

-0.  OOO 

3H 

20. 4651 

20.4715 

.0.0(M54 

20.4616 

-0. 003 

39 

20.6064 

20.6157 

.0.009.1 

20.6043 

-0. 002 

40 

20. 6896 

20. 6016 

.0.(6120 

20.6862 

-0.  003 

1 

i 

A/ 

j  TAHl  K  Xn 

t 

i 

JUUOSION  OF  METAL 

specimb:ns  immersed  in  liquid  fluorine  for  one  year 

{' 

? 

A 

H 

(■ 

D 

E 

F 

Samplr  VVrmhf 

W*n|:rhi 

Samplr 

WfMKht 

WriK'ht 

DifftMTiice 

Hf'fiir*' 

Afirr 

H<  (urr 

Aftor 

After 

M<'tal 

Expiisur*' 

Exposin'*' 

CU'anuit' 

Ch’an  ins 

Cleaning 

Corrosion 

Mfta! 

(Utn) 

(.Km' 

(i;m.  H-A) 

(^m) 

(gm,  D-A) 

(mils  year) 

S,  304 

18. 6H40 

18. 6873 

. 0. 0024 

IB.  6838 

*0.  0009 

Ih. 3312 

18. 3340 

.0.0028 

IH.  3486 

-0.  0026 

0. 004a 

18.  7303 

18. 7298 

-0. 0007 

18,  7.303 

-0.  0002 

0. 0003 

18,6134 

18.6210 

.0.0036 

18.6163 

*0.0009 

•  • 

18. 3243 

lo.  3323 

.0.0080 

18. 5267 

*0.0022 

•  — , 

S,  410 

1  1 ,  8  ri07 

17. 8298 

-0.0209 

17.8024 

-0. 0483 

0. 0905 

18. 1190 

18. 0981 

-0.0218 

18. 0772 

-0.  0427 

0. 0802 

17. 8918 

17.  876)  6 

-0.0152 

17.8676 

-0.0342 

0.  0640 

17. 9080 

17.  8903 

-0.0173 

17.8857 

-0.0223 

0. 0418 

18.  0191 

18. 0123 

-3}.  0068 

17.9984 

-0.0207 

0.  0387 

'-7  Mvin<  1 

17.9713 

17.9760 

. 0. 0047 

17.9721 

*0.  0008 

•  •  w 

17.9272 

17. 9371 

•0.0099 

17.9266 

-0.  0006 

0.0010 

k 

18. 1022 

18. 1104 

.0. 0OH2 

17. 1044 

*0.0022 

• 

17. 9481 

17.9333 

.0.0072 

17.9510 

*0.  0029 

•  ... 

17. 9088 

17.9144 

.0.0036 

17.9089 

.0.0001 

19.  .3639 

19. 3713 

.0,  0036 

19.  56.32 

-0. 0027 

0. 0044 

k 

19.  7531 

19.  76.39 

.0.  ouw 

19.  7536 

*0.  0005 

••• 

19. 6306 

19.6379 

.0.0073 

19. 629M 

-0.  0008 

0.0013 

k 

19. 769! 

19. 7732 

.0  0{M»1 

19. 7697 

.O.OOW) 

•••  ... 

19.6933 

19.  7tH»l 

0.  {K»46 

19.6938 

-0.0017 

0.002B 

j*' 

]  loo 

6 . 

6. 3616 

-0.0314 

6.3442 

-0.  04HB 

0. 2638 

6.  4349 

6.  4106. 

-0.0243 

6.3927 

-0.  0422 

0. 2272 

6, 3277 

.6.  3046 

-0. 0233 

6.  287H 

-0.  0399 

0.2155 

t 

6 .  3.*^76 

6),  368v8 

-0. OlKH 

6.3561 

-0.  0315 

0.1700 

f 

6 .  3  8  28 

6. 3673 

-0.0153 

6,3314 

-0.0314 

0. 1698 

t' 

% 

6 

3. 9928 

-0. 0160 

3.977.1 

-0.0315 

0. 1700 

i 

% 

3.  9818 

3.  9697 

-0.0121 

5.9323 

-0.  0295 

0.1594 

.  02 1 6 

6.  0163 

0. 0033 

3.9784 

-0,  0432 

0.2321 

% 

3.9744 

5.  9578 

-0. 0166 

5.9411 

-0. 0333 

0. 10tK) 

N- 

> 

3,9193 

5.  H964 

-0,0209 

5.  H660 

-0. 0333 

0. 1800 

4 

s  k»-l 

20. 4919 

20.  4952 

.0.0033 

20. 48H4 

-0.  0035 

0.0053 

* 

20.  4087 

20.  4149 

.o.rto»;2 

20.  4082 

-0.0006 

0. 0093 

20.6207 

20.62H1 

.0.0074 

20.6221 

*0.0014 

•  *  -  - 

X 

20.3791 

20.  5999 

.0. 0208 

>0. 5823 

.o.oo:i2 

ii 

20.6101 

20. 62(Ki 

*0.0105 

20.6139 

.0. 0038 

• 

20, 5294 

20.  5366 

.0.0072 

20.  52H4 

-0.0010 

0.0017  A 

20. 4504 

20. 4604 

*0.0100 

20. 4500 

-ft.  0004 

0.0007 

1 

20.  4651 

20.  4715 

*o.uom 

^0. 4616 

-0.0035 

0.0058 

t 

20.  €0^14 

20.6157 

.0. 0093 

20. 6043 

-0. 0021 

0.0035 

J 

20. 6896 

20  6916 

.O.tH120 

20. 6K62 

-0. 0036 

0. 0080 

_ 1 

1'.).  0300 

19. 0379 

*  '  / .  \  /  1  V/l  J 

.0,0073 

1 .  1 

19.6298 

• ut/ 

-0.00 

I'.l 

19. 7091 

19. 7722 

.0.  0061 

19.  7697 

.0.00 

;m) 

19.0922 

19. 7001 

.0,  0046 

19.6938 

-0.00 

21 

A1  1100 

0. 3930 

fi.  3fi10 

-0. 0314 

6.3442 

-o.o4 

22 

0. 4349 

0.  4100 

-0.  0243 

6.3927 

-0.04 

22 

0.3277 

0.  3040 

-0.0233 

6. 2878 

-0.  03 

2  1 

0. 3H70 

0. 30HH 

-0. OlHH 

6.3261 

-0.  03 

2  2 

0. 3H2H 

0.  3672 

-0.01.23 

6.3214 

-0.  03 

2r> 

A1  01)01 

0  ()0H.3 

2.  99 2 H 

-0.0160 

2.9773 

-0.  03 

27 

2.  9H1H 

2.  9697 

-0.0121 

2.  9223 

-0.  02' 

2H 

0.  0210 

6.  0103 

-0.0023 

2.  9784 

-0.04; 

2;i 

2.9744 

2.  927H 

-0.0166 

2.9411 

-0.03: 

:u) 

2.9193 

2.  H98  4 

-0.0209 

2.  8860 

-0. 03; 

:n 

Nirk.-l 

20. 4919 

20.  4922 

.0.0033 

20. 4884 

-0.  oo; 

32 

20.  40H7 

20.  4149 

.0.0062 

20.  4082 

-0.  00( 

32. 

20.  0207 

20.  02H1 

.0.0074 

20.6221 

•  0.00 

34 

20. 2791 

20.  2999 

.0.0208 

20.  ,2823 

.0.  oo: 

3  2 

20.0101 

20.  6200 

.0.0102 

20.6139 

.0.  oo: 

31'. 

20.  2294 

20.  2360 

-  0. 0072 

20. 2284 

-0.  00’ 

37 

20.  4204 

20.  4604 

.0.0100 

20. 4200 

-0.  00( 

3H 

20.  4021 

20. 4712 

.  0.  0064 

20.4616 

-0.  oo: 

3'.t 

20. 0004 

20.0127 

.  0.  0093 

20.  6043 

-0.  oo: 

\v 

20. 0896 

20.  6916 

. 0. 0020 

20. 6862 

-0.  oo:; 

41 

Ti  A- 110  at 

10.  4027 

10.  3207 

-0.0H50 

10.3127 

-0. 09 f 

42 

10. 3009 

10.  2730 

-0.0939 

10.2661 

-0.  lot 

43 

10.  4200 

10.3724 

-0. 0776 

10.3623 

-0.08*1 

44 

10.3437 

10.  2718 

-0,0719 

10.2642 

-0,  079 

42 

10.2272 

10,  1847 

-0, 0725 

10. 1777 

-0.  079 

V< 

TiC-120  AV 

10.  322h 

10.  2710 

-0.0H4H 

10. 2661 

-0.  089 

47 

10.3333 

10.  2216 

-0.0817 

10.2426 

-0. 087 

4>^ 

10.  3732 

10.  3082 

-0.(9147 

10,3002 

-0. 073 

4‘* 

10. 4072 

10.  3629 

-0.0413 

10.3418 

-0.  065 

2u 

10.3403 

10.391)1 

-0.0372 

10.2947 

-0,  021 

21 

Mk  AZ-31 

3.9213 

3. 9410 

-0. 0097 

3.9023 

-0.  046 

22 

3.9398 

3. 9090 

. 0. 0298 

3.9223 

-0.017 

r>3 

3.9748 

a.ytof) 

-0.0042 

3.9263 

-0.  048 

24 

3.9342 

3.9097 

-0, 0248 

3.8H44 

-0.  050 

22 

3.9334 

3.9261 

-0.tK)73 

3.H903 

-0.  043 

2r. 

Mj:  HM-31 

3.9922 

3.9491 

-0.0434 

3.9618 

-0.  o:h) 

27 

4.01197 

3.922H 

-0. 0539 

3.920.5 

-0.  U89 

4.  007H 

3.9071 

-0.  0407 

3.9235 

-0. 084: 

2ll 

4.0017 

3.9212 

-0.0802 

3.8995 

-0. 102: 

♦io 

3.9022 

3.9942 

.0.0317 

3.8652 

-0. 097: 

•  <'>tp|K‘r  li'rii  '*n  ifsrtMtls  c«5u!il  nai  lx* 

*•  Khiaruli'  in  N|x*riiin*n’ji  tIflU  ImlvS  I'oulil  iujI  !>♦»  svinov^ni- 

•••  iMurk  and  y^dlow  (Him  on  lhr*‘ads  I'outd  not  lx‘  r»‘nu>v«Hl. 

AKKA  OF  SPKCIMiCS  -  4,20in2 

NOTE;  Corruaioii  imcd  uptm  weight  (iillcrence  after  cleaning. 


ri'i  AT 


JL’i)  AV 


lit.  (liti■>,^ 

19. 7001 

.t).  0046 

19. 6938 

-0.0017 

0.0028 

t>. 

0. 3010 

*0,0314 

6. 3442 

-0. 0488 

0. 2638 

tl.  -liMi) 

0. 4100 

-0.  0243 

6.. 392  7 

-0.0422 

0. 2272 

♦1.  :U’77 

0. 3040 

-0.0233 

6.  28 7H 

-0.0399 

0. 2155 

t’l.  3H7t’. 

0. 30HH 

-0,  OlHH 

6.  3261 

-0.0312 

0.  1700 

tl.  :i,S2H 

0. 3072 

-0.0121 

6.3214 

-0.0314 

0. 1698 

2.  99 2 H 

-0.0160 

2.9773 

-0.  0.3 1 2 

0.1700 

itHl!' 

2.  9097 

-0. 0121 

2.  9223 

-0. 0292 

0.1594 

(■. .  02 1 

0.  0103 

-0.0021 

2.  9784 

-0. 0432 

0.  2321 

ri.itV'i-i 

2.  927H 

-0.0  lot; 

2.9411 

-0. 0333 

0. 1800 

IS.  9192 

2.  H9H4 

-0. 0209 

2.  H860 

-0. 0333 

0, 1800 

20.  4919 

20. 4922 

. 0. 0031 

20.  4884 

-0. 0032 

0.  0053 

20.  40^7 

20.  414it 

.0. 0002 

20.  4082 

-0.  0006 

0. 0093 

20. 0207 

20.  ♦i2n  1 

.0.  0074 

20.6221 

.0. 0014 

20. 2791 

20.  299il 

.0. 020H 

20.  2823 

•  0.  0032 

•  --- 

20. 0101 

2'0.  6200 

.0.0102 

20.6139 

.0.  0038 

*  --- 

20.  2294 

20.  2300 

.0.  0072 

20.  2284 

-0. 0010 

0.  0017 

20. 4204 

20.  4004 

.  0.  0 1 00 

20.  4200 

-0.  0004 

0.0007 

20.  4021 

20. 4712 

. 0. 0064 

20. 4616 

-0.  0032 

0.  0058 

20.  0004 

20.  0127 

.  0.  0091 

20.  6043 

-0. 0021 

0.  0035 

20.  0H90 

20.6916 

.0.0020 

20.  6h»i2 

-0.  0036 

0. 0060 

10.  4027 

10. 3207 

-0, OH 20 

10.3127 

-0.  0900 

0.2910 

10.  :,1009 

10.  2730 

-0. 0939 

10.  2661 

-0,  1008 

0.  3239 

10. 4200 

10.  3724 

-0.0776 

10.3623 

-0. 0847 

0.  2740 

10.3427 

10.  2710 

-0.0719 

10. 2642 

-0. 0792 

0.2572 

10.  2272 

10.  1847 

-0.0722 

10.  1777 

-0. 0792 

0.2572 

to.  3  22>- 

10.  2710 

-0.  0H4H 

10.2661 

-0. 0897 

0.2164 

10. 3333 

10.  2216 

-0.0817 

10.  2426 

-0. 0877 

0. 2706 

10,  .3732 

10.  308  2 

-0.0647 

10.3002 

-0.  0730 

0  2252 

lU. 4072 

10.  30.29 

-0.0413 

10.  .3418 

-0. 0624 

0. 2020 

10.  3403 

lU.  3091 

-0.0372 

10.2947 

-0.  0216 

0. 1591 

3. 9213 

3. 9410 

-0.  0097 

3.9023 

-0.  t)460 

0,3350 

3. 9390 

3, 9690 

. 0. 029H 

3.9223 

-0.  0172 

0. 1465 

3.  974.^ 

3.  9'fOO 

-0.0042 

3.9263 

-0. 0482 

0.  4060 

3, 9342 

3. 9097 

-0.0248 

3.8644 

-0. 0201 

0.4200 

3. 9334 

3  9261 

-0.  (K)73 

3. 8903 

-0.  043 1 

0. 3608 

3.9922 

3,9491 

-0. 0434 

3.9618 

-0.  0307 

0.2564 

4.  0097 

3. 9226 

-0. 0239 

3.9202 

-0.  (X892 

0. 7470 

4.  OU70 

3.9671 

-0. 0407 

3.9212 

-0. 0843 

0. 7060 

4.0017 

3.9212 

-0.0h02 

3.8995 

-0.  1022 

0.3460 

3.  90  2  ft 

.1.9942 

.0.0317 

3.8652 

-0. 0973 

0.3150 

thrf'iidn  rfMjki  U'ft 

<  rjnirn's  driil  t’uultl  tmt  Iw  r«'movi‘«l. 

itra  iilni  un  ihff.tils  iTiuld  not  !>»•  r«*n»«vt*d. 

MKN  ►  4. 20  tn2 

luscHi  upoti  weight  diiferettce  iUtter  cleaning. 


TABLE  Xin 


*■ 


AVERAGE  CORROSION  OF  METAL  SPECIMENS  IMMERSED 
IN  LIQUID  FLUORINE  FOR  ONE  YEAR 


Sample 

Number 

Metal 

Metal 

Corrosion 

(mils/year) 

1-5 

304  S.S. 

0.0026 

6-10 

410  S.S. 

0. 0630 

11-15 

15-7  Monel 

0.0010 

16-20 

Copper 

0.0028 

21-25 

Al  1100 

0. 2093 

26-30 

A1  6061 

0. 1843 

31-35 

Nickel 

0.0034 

36-40 

Monel 

0.0035 

41-45 

Ti  A-110 

0.2807 

46-50 

Tl  C-120 

0.2267 

51-55 

MgAZ-31 

0.3437 

56-60 

Mg  HM-31 

0.6741 

lOS 


t 


\ 


TABLE  MV 


Sa  Mlfilr 

NutnixT 

N-1 

N-2 

N>3 

N-4 

N-S 

F-1 

F-2 

F-3 

F-4 

F-5 

N-6 

N-7 

N-H 

N-S 

N-10 

F-fi 

F-7 

F-H 

F-9 

F-JO 

N>n 

S12 

N-13 

N.14 

N-!5 

F-n 

F-12 

F.13 

F-H 

F-15 


M.'tal 

304  S.S. 


304  S.S. 


410  S.  S. 


•110  S.S, 


IS- 7 


^5-7 


(i.  ! 
(1  ! 


0,  !hh4 
0.  tnH4 
0.  lHfi7 
if.  InH*> 
0.  lHH:i 

0,  ih:ui 

0.  i/^m4 
0.  IHTS 
0.  iHm 
0.  lis.H4 

0.  INSO 
0.  IH«4 
0.  IS77 
0.  18«2 
0,  IHSH 


Ml-X  MANK'AL  PUOPKRTIKS  OF  TFNSII.K  TFS'f  SI 


IN¬ 

i.igtJif)  nitrogfn  and 

LIQUID 

FLUOrtlNK 

I'' iii.il 

Initi.il 

Firi.il 

Yiohi 

Ultimati 

;•  N  r 

I)iani«>t»'r 

A  rr.i 

A  t'i'.i 

S’t  rt’.ss 

I  <>uri 

■';»  ■  ■ 

1  inchi's) 

(sq  in) 

f.sq  ill) 

(p.si) 

Obs) 

0.  075 

0.02H1 

0. 0044 

60. 100 

2620 

0.  0903 

0. 0283 

0. 00641 

60,  too 

2640 

.A  ■‘I  l>/ 

0.  OH65 

0.02795 

0.  00588 

59.400 

2620 

0.  0850 

0. 0279 

0.  00568 

61,600 

2640 

0.  083.5 

0. 0278 

0. 00548 

61.900 

2640 

'.91 

0.  073 

0.0281 

0.  0042 

60. too 

2615 

‘.hS 

0.  0830 

0. 0279 

0. 00541 

62. 700 

2570 

.''O 

0.  0845 

0. 02778 

0.  00566 

62.300 

2650 

84 

0.0965 

0.  0279 

0.00731 

62.000 

2660 

0.0885 

0.027H 

0.  00615 

70. 100 

2630 

H5 

0.085 

0.  0278 

0.  0057 

75.  500 

2.500 

8? 

0.  0990 

0.0278 

0.  00764 

73.700 

2450 

HI 

0. 00970 

0. 0278 

0.  00740 

72. 700 

2510 

0. 0992 

0.0278 

0  00773 

71.600 

2390 

K7 

0. 0957 

0. 0279 

0.  00720 

79.  900 

2520 

0. 097 
0. 0990 
U.096S 
0. 0955 
0. 1005 

0.  123 
0.  1200 
0.  1230 
0.  1205 
0.  1275 

0.  125 
0.  124 
0.  1262 
0. 1225 
0.  1214 


0. 027H 
0. 0278 
0  02H0 
0.  t)2H0 
0.  0278 

0. 0264 
0.  0278 
0.  0277 
0,  0279 
0.  0278 

0.  0278 
0. 0279 
0. 027H 
0.  0279 
(F  0279 


0.  iVJ74 
0.  00769 

0.  mm  I 

0.  00718 
0.  U(J865 

0.0119 
0.01250 
0.  01 195 
0.0129 
0.012B 

0.0123 

0.0121 

0.0125 

0,0118 

0.0116 


74.  .500 

7.3.400 

72.900 

74.300 

73.400 

75.  400 
71.000 

70. 400 
71.000 
70. 500 

71.200 

71.300 
70. 500 
70. 600 

69.900 


2495 

2470 

2520 

2510 

2470 

3965 

3920 

3930 

2980 

3930 


3960 

3950 

3950 

3940 


KKt 


/ 


'r 


I 


T.wM.i:  XIV 

S  OF  IKNSllK  TKST  Sl’Kf'lMKNS  IMMKRSFI) 

AND  1  igriD  FI  r  OH  INK  FOR  ONF  VFAH 

i  Yi'  i(i  I'ltuii.it*’  Hrductioti 

MfKiulus  of 

a 

;  1  >s 

I  o.td 

Sf  r»'ss 

in  Ar<‘a 

Poirrnt 

Elasti<-ity 

n) 

(tbs-) 

(psl) 

('H 

Flonpition 

(psi) 

4 

•ai.  100 

262U 

93 . 200 

H4.3 

40.6 

30.  1  X  10^ 

41 

fiO.  ItH) 

2640 

93.300 

77.3 

39.7 

24. 5  X  106 

H8 

8H 

50. 400 

2620 

93,700 

79.0 

39.3 

27.  0  X  10® 

»;l ,  600 

2640 

94.600 

79.6 

39.0 

23.7  X  10^ 

48 

1 . 900 

2640 

95.(K10 

80.3 

38.0 

26. 1  X  10® 

‘2 

100 

2615 

93, 100 

85.  1 

39.2 

25.9  X  10® 

41 

62, TOO 

2570 

92. 100 

80.6 

39.2 

28.5  X  10® 

68 

62.300 

2650 

95.400 

79.6 

37.  5 

27. 1  X  to® 

31 

62.000 

2660 

95,300 

73.8 

39.5 

26. 5  X  10® 

15 

TO. 100 

2630 

94.600 

77.9 

38.6 

22.6  X  10® 

7 

75. 500 

2500 

89.900 

79.5 

10.4 

27.0  X  10® 
22.3  X  10® 

28.0  X  10® 

64 

73.700 

2450 

88. 100 

■'2.5 

8. 14 

40 

72.700 

2510 

90.300 

7.  4 

7.90 

73 

71.600 

2390 

86.  ^>0 

72.2 

10.4 

29.  6  X  10® 

20 

79.900 

2520 

90.300 

74.2 

8. 16 

26.  5  10® 

4 

74. 5(.H) 

2495 

89.700 

73.4 

8.62 

2H.2  X  10^ 

60 

73.400 

2470 

88.80^ 

72.3 

8.80 

25.  3  ,x  10® 

31 

72 .  oilU 

2520 

90.0<''  1 

73.9 

8.47 

27.8  X  10® 
27. 7  X  10® 

IH 

74.300 

2510 

89 , 601 

74.4 

7. 14 

6f> 

73.4041 

2470 

88.800 

68.9 

7.64 

25.  9  10® 

0 

75.400 

3965 

ISO.OO'U 

54. 9 

29.0 

2B.6  X  10® 

SO 

7 1 , 000 

3920 

141,0(0 

55,0 

24.9 

25. 7  X  10® 

95 

70. 400 

3930 

H  ;.ooo 

56.9 

26.3 

24. 8  X  10® 

U 

7 1 . 000 

20H0 

14'’,  700 

53.6 

25.6 

26.  0  X  to® 

H 

70, 500 

3930 

141.400 

54.0 

26.2 

24.9  X  to® 

3 

71.200 

3970 

142. HOO 

55- H 

25.9 

25. 0  X  to® 

2!. 6  X  10® 

1 

71.300 

3960 

141.900 

56.6 

26.6 

5 

70.  500 

:I950 

142.000 

35.0 

24.5 

25. 5  X  10® 

70,600 

3950 

141.600 

57.7 

25.1 

25. 4  X  10® 

6 

69.900 

3940 

141.200 

58.4 

24.3 

26.0  X  10® 

OOOO  OOOOO  ooooo  omooo 


»  -y 


TABLE  MV  (Contiji 


Initial 

Final 

Initial 

Final 

Yield 

Sample 

Dia  mete  r 

Diameter 

\  rea 

Area 

Stress 

NumlM,*r 

Metal 

(inches) 

(inches) 

(sq  in) 

(sq  in) 

(psi) 

N-16 

CopiH'r 

0.  ; 778 

0. 1046 

0.  0248 

0.  0086 

52,800 

N-17 

0. 1797 

0.  1085 

0.  0256 

0. 00925 

54,300 

N-18 

0. 1790 

0. 1090 

0.  0252 

0. 00934 

53,200 

N-19 

0. 1782 

0. 1100 

0.  0250 

0.  00950 

54,400 

N-20 

0. 1785 

0. 120 

0.  0250 

0.  01Q65 

53,200 

F-16 

CopjM'r 

0. 1784 

0. 109 

0.  0250 

0.  0093 

54, 200 

F-17 

0. 1783 

0.  1348 

0. 0250 

0.01327 

54,800 

F-18 

0. 1784 

0. 1125 

0.  0259 

0.  00991 

54,200 

F-19 

0.  1792 

0.  1219 

0.  0252 

0.01082 

52,800 

F-20 

0. 1784 

0. 1252 

0.  0250 

0.01238 

54. 400 

N-21 

A1  tlOO 

0.  1885 

0.  083 

0. 0278 

0.0054 

21.600 

N-22 

C. 1876 

0.(^56 

0. 0276 

0. 00590 

21,600 

N-23 

0. 1875 

0.0934 

0.  0276 

0.  00684 

21,500 

N-24 

0. 1893 

0.  0978 

0. 0281 

0. 0O750 

21,300 

N-25 

0. 1882 

0.0875 

0. 0278 

0. 00600 

21.400 

F-2I 

Ai  not) 

0. 18‘‘6 

0,  079 

0. 0278 

0.0049 

22,300 

F-22 

0. 1890 

0. 0926 

0.0281 

0. 00675 

21.700 

F-23 

0. 1885 

0.0855 

0.  0279 

0.00575 

21.600 

F-24 

0. 1892 

0.  0843 

0.028i 

0. 00560 

21.400 

^  -2S 

0. 1884 

0.0851 

0. 021B 

0.00562 

21.500 

N-2fi 

Al  60GI 

0.  1785 

0.  125 

0. 0250 

0,0123 

41.200 

N-27 

0. 1782 

0. IIBO 

0. 0250 

0. 01095 

42. 100 

N-28 

0.  1780 

0. 1183 

0. 0249 

0.01120 

41.900 

N-29 

0.  mo 

0  1318 

0.0249 

0. 01360 

41,800 

N‘30 

0. 1780 

0. 1246 

0.0249 

0. 01220 

42.200 

F-^ae 

Al  6061 

0. 1781 

0. 122 

0. 0249 

0.0117 

41,900 

K-27 

0, 1782 

0,  nu 

0,0250 

0,01200 

41.300 

F  *28 

0. 1775 

0,  ll$9 

0, 0247 

0.0105$ 

41.000 

F-29 

0, 1780 

0.IH2 

0,0249 

0.01024 

42.000 

F-30 

0. 1778 

o.im 

0.0249 

0.01097 

41,200 

TABLE  XIV  (Continued) 


Futal. 

Yield 

Ultimate 

Ultimate 

Reduction 

Modulus  of 

Yield 

Area 

Stress 

Load 

Stress 

in  Area 

Percent 

Elasticity 

Load 

(sq  in) 

(lbs) 

(psi) 

(%) 

Elongation 

(psi) 

(lbs) 

0.  0086 

52,800 

1410 

56,900 

65.3 

3.73 

18.0  X  10® 

1310 

}.  00925 

54,300 

1455 

56,800 

63.9 

3.69 

19.0  X  10° 

1390 

00934 

53,200 

1445 

57,300 

62.9 

4.04 

19.0  X  10® 

1340 

00950 

54,400 

1460 

58,400 

62.0 

4.08 

18. 1  X  10° 

1360 

}.  01065 

53,200 

1470 

58,800 

57.4 

4.03 

17.7  X  10° 

1330 

3.  0093 

54, 2C0 

1450 

58  ,  000 

62.8 

4.31 

16. 9  X  10® 

1355 

3.01327 

54, 800 

1470 

58,800 

46.9 

5.32 

18.  Ox  10® 

1370 

3.  00991 

54, 200 

1475 

59,000 

60.4 

4.71 

19.2  X  10® 

1355 

b.  01082 

52,800 

1490 

59, 100 

57. 1 

3.68 

18.  2  X  10® 

1330 

3.01238 

54,400 

1460 

58  ,  400 

50.5 

4.03 

18. 0  X  10® 

1360 

3.  0054 

21,600 

644 

23,200 

80.6 

10.7 

9.  73  X  10® 

600 

00590 

21,600 

644 

23,300 

78.6 

5.96 

10. 1  X  10° 

596 

).  00684 

21,500 

640 

23,200 

75.2 

5.31 

10.6  X  10° 

594 

X  00750 

21,300 

642 

22,800 

73.3 

5.67 

9.51  X  10° 

600 

).  00600 

21,400 

641 

23, 100 

78.4 

6.10 

10. 4  X  10° 

594 

).  0049 

22,300 

641 

23. 100 

82.4 

4.65 

9.87  X  10® 

619 

).  00675 

21,700 

634 

22,600 

76.0 

5. 00 

10. 1  X  10® 

610 

).  00575 

21,600 

638 

22,900 

79.4 

5.72 

10. 1  X  10® 

604 

1.00560 

21,400 

648 

23. 100 

80,  1 

5.32 

10.  5  X  10® 

602 

1.  00562 

21,500 

640 

23,000 

79,8 

5.65 

U.Ox  10® 

599 

1.0123 

41,200 

1124 

45.000 

50.  8 

8.11 

10.  2  X  10® 

1029 

1.01095 

42, 100 

1140 

45, 600 

56.  2 

7.62 

10.6  X  10® 

1053 

U31120 

41,900 

1135 

45,600 

55-0 

7.33 

10. 1  X  10 

5042 

^01360 

41,800 

1158 

46.  500 

45.4 

6.62 

10,5x10® 

1040 

.01220 

42,200 

1155 

46.  400 

51.0 

6,38 

9.T5X  10® 

1050 

10117 

41,900 

1135 

45,600 

53.0 

8.61 

10. 4  X  10? 

1044 

.01200 

41,300 

1136 

45, 400 

52.0 

7.36 

to.  Ox  10® 

1033 

p01055 

41,000 

1132 

45, 800 

57.3 

7.26 

9. 90  X  10° 

1012 

.01024 

42,000 

1237 

49,700 

58.9 

7v0? 

9.72  X  10® 

1045 

.01097 

41,200 

1126 

45, 300 

55.9 

7,05 

10. 2x10® 

1027 

0^ 
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TABLE  XIV  (Continued) 


Final 

Yield 

Ultimate 

Ultimate 

Reduction 

Modulus  of 

Yieid 

Area 

Stre.ss 

Load 

Strcs.s 

in  Area 

Percent 

Elasticity 

Load* 

sq  in) 

(psi) 

(lbs) 

.. 

Elon^tion 

(PBI) 

(lbs) 

0154 

123,000 

4240 

152,000 

44.8 

6.02 

14.8  X  loj 

3420 

0180 

125,000 

4225 

154,000 

34.5 

5.  54 

15. 1  X  10® 

3425 

.0175 

124,000 

4300 

156,000 

36.6 

5.70 

15.2  X  10® 

3435 

.0184 

124,000 

4220 

151,000 

34.3 

6.53 

14.9  X  106 

3465 

,0204 

124,000 

4200 

153,000 

25.8 

4.67 

15.2  X  10® 

3tt0 

.0175 

122.000 

4230 

152,000 

37.  1 

7.07 

15.  Ox  10® 

3385 

0161 

120,000 

4250 

152,000 

42.3 

6.19 

15.  Ox  10® 

3350 

.0177 

121,000 

4245 

152,000 

36.6 

6.33 

15.  5  X  10® 

3375 

,0172 

121,000 

4200 

151,000 

38.1 

6.40 

15. 1  X  10® 

3355 

,0175 

123,000 

4310 

154,000 

73.3 

5.46 

15. 1  X  10® 

3430 

.0148 

35,200 

1038 

41,500 

40.8 

6.29 

6. 40  X  10® 

880 

!o151 

35,800 

1047 

41,700 

39.8 

6.29 

6.51  X  10® 

898 

.0150 

35,300 

1044 

41,600 

40.2 

5.67 

6.04X  10® 

886 

.0151 

35,600 

1050 

41,500 

40.3 

5.65 

5. 78  X  10® 

900 

.0149 

35,600 

1042 

11,700 

40.4 

5.33 

6. 41  X  10® 

889 

* 

.0180 

34,000 

1119 

44,900 

27.7 

6.00 

6.32  X  10® 

851 

.0157 

34,500 

1040 

41,400 

3‘J.5 

7.05 

6.30X  10® 

865 

.0201 

33,900 

1035 

41,200 

19.9 

5.33 

6.23  X  10® 

850 

.0178 

34,400 

1039 

40,900 

29.9 

5.67 

e.24x  10® 

873 

.0190 

33,800 

1013 

40, 200 

24.6 

4.01 

6.35  X  10® 

852 

.0176 

49,600 

1260 

50, 400 

29.6 

7.49 

6.31  X  10® 

1240 

*0178 

48,700 

1250 

SO. 200 

28,5 

8.20 

6,03  X  10® 

1?12 

!^174 

47,700 

1240 

49,800 

30.4 

8.94 

6, 28  X  10® 

1193 

.0181 

49,600 

1255 

50.200 

27.6 

6.33 

6.05  X  10® 

1240 

.0174 

^9,400 

U30 

49,400 

30.1 

6.87 

6. 59  X  10® 

1230 

^0225 

46.  too 

-IMQ 

48,000 

11,4 

4. 10 

6. 29  X  JO® 

1170 

;  0194 

tm 

48.900 

22.7 

3,67 

6.28  X  10® 

im 

.0192 

rm 

48,600 

23  ,  5 

5.32 

6.53x10® 

1173 

.0205 

4-'{,§00  , 

un 

46,700 

18.3 

4.67 

6.  29  K  10® 

1168 

.0215 

49«000 

15.0 

2.01 

6.31  X  to® 

1087 
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AVERAGE  RESULTS  OF  MECHANICAL  PROPERTIES  OF  TENSILE  SPECIMEI 


Sa  mpU' 
Number 

Metal 

Yield 

Stress 

.iPS0__ 

N-1-5 

F-1-5 

Nominal 

304  S.S. 

304  S.S. 

60,620 
63,440 
30.  000 

N'6-ia 

F-6-10 

Nominal 

410  S.S. 

410  S.S. 

74,680 
73,700 
60, 000 

N-n-15 

F-Il-15 

Nominal 

15-7  Monel 

15-7  Morel 

71,660 
70, 700 
55, 000 

N-16-20 

F>-16-20 

Nominal 

Copper 

Copper 

53,  ^80 

54,  080 
48,000 

N-21-25 

F-2I-25 

Nominal 

A1  1100 

A1  1100 

21,480 

21,700 

17,000 

N-26-30 

F-26-30 

Nominal 

Al  6061 

A1  6061 

41,840 

41,480 

40,000 

N-31-35 

F-31-35 

Nominal 

Nickel 

Nickel 

89,960 

89,680 

25.000 

N-36-40 

F-36-40 

Nominal 

Monel 

Monel 

58,020 
5B, 120 
50,000 

N-41-45 

F-41-45 

Nombial 

Tl  A-llO-AT 

Ti  A-nO-AT 

125,400 

1’6.200 

112,200 

N-46-50 

F-46-50 

Nominal 

C-120-AV 

C-120-AV 

124.000 

121,400 

130,000 

N-31-55 

F»51-55 

Nominal 

MgAZ*31 

Mg  AZ-31 

35,500 
34. 160 
30,600 

N *56-60 
F-56-60 
Nominal 

Mg  HK-3} 

Wig  HK-31 

49,000 

46,000 

30,000 

Ultimate 

Stress 

Modulus  of 
Elasticity 

. .Ml . 

Reduction 
in  Area 
(%) 

93,960 

94,100 

62.  28  X  10® 

26. 12  X  10® 

29  X  10® 

80. 10 
79.40 

88,920 

89,381 

26.68  X  10® 
26.94  X  10® 

29  X  10® 

74.36 

72.58 

143,420 

141.900 

26.  00  X  10® 

24.  70  X  10® 

29  X  10® 

54.92 

56.70 

57,640 

58,660 

18.36  X  10® 

18.  02  X  10® 

16  X  10® 

62.30 

55.54 

23,120 

22,940 

10.  07  X  10® 
10.31  X  10® 

10.  0  X  10® 

77.22 

79.54 

45,820 

46,360 

10.  23  X  10® 

10.  04  X  10® 

10.  0  X  10® 

51.68 

55.42 

96,900 

96,420 

29. 60  X  10® 

30,  48  X  10® 

30  X  10® 

77.80 

78.12 

93.740 

93,040 

26. 12  X  10® 

25.  52  X  10® 

26  X  10® 

72.60 

71.16 

151.600 

152,000 

15, 66  X  10® 
15.84  X  to® 

16  X 10® 

19  25 
16.96 

153.200 

152.200 

15.04  X  10® 

15.  14  X  10® 

16  X 10® 

35.20 

38.28 

41,600 

41,720 

6.  23  X  10® 

6.  29  X  10® 
6.5  s  10® 

40.30 

27.92 

46.960 

48,240 

6. 25  X  10® 

6. 34  X  10® 
6,5  xlO® 

29.24 
18. 18 

TABLE  XV 


VElUGFi  RESULTS  OF  MECHANICAL  PROPERTIES  OF  TENSILE  SPECIMENS 


Motal 

Yield 

Stress 

(psi) 

Ultimate 

Stress 

Modulus  of 
Elasticity 

. 

Reduction 
in  Area 

. _ 

Elongation 

304  S.S. 

304  S.S. 

60,620 

63,440 

30, 000 

93.960 

94, 100 

62.  28  X  10® 

26. 12  X  10® 

29  X  10® 

80. 10 

79.40 

39.32 

38.80 

410  S.S. 

410  S.S. 

74,680 

73,700 

60,  000 

88,920 

89,380 

26.68  X  10® 
26.94  X  10® 

29  X  10® 

74.36 

72.58 

9.00 

8. 13 

1  o-T  Monel 

15-7  Monel 

71.660 

70.700 

55, 000 

143,420 

141,900 

26.  00  X  10® 

24.  70  X  10® 

29  X 10® 

54.92 

56.70 

26.40 

25.28 

Copper 

Copper 

53,580 

54, 080 
48,000 

57,640 

58.660 

18.36  X  10® 
18.02  X  10® 

16  X  10® 

62.30 

55. 54 

3.91 

4.41 

,  A1  1100 

A1  1100 

21,480 

21.700 

17,000 

23, 120 
22,940 

10.  07  X  10® 
10.31  X  10® 
10.0  xlO® 

77.22 

79.54 

6.  75 
5.27 

'  A1  6061 

Al  6061 

41.840 

41,480 

40, 000 

45,820 

46,360 

10.  23  X  10® 
10.04  X  10® 

10. 0  xlO® 

51.68 

55.42 

7.21 

7.46 

Nickel 

Nickel 

89,960 

89,680 

25, 000 

96,900 

96, 420 

29.60  x  10® 

30. 48  X  10® 

30  X 10® 

77.80 

73.12 

6. 10 
6.24 

nel 

Monel 

58,020 

58,120 

50. 000 

93.740 

93,040 

26. 12  X  10® 

25.  52  X  10® 

26  X  10® 

72.60 

71.18 

25.  56 
24.70 

1  Ti  A-llO-AT 

T1  A-nO-AT 

125,400 

126,200 

112.200 

151,600 

152,000 

15.66  X  10® 
15.84  X  10® 

16  X 10® 

19.25 

16. 96 

5.38 

5.53 

'  C-120-AV 
^  C-UO-AV 

124,000 
121.400 
130. 000 

153.200 

152. 200 

15.04  X  10® 

15,  U  X  10® 

16  X  10® 

35.20 

38.28 

5.69 

6.29 

Mg  AZ-31 
MgAZ-31 

r 

35. 500 

34, 160 
30,000 

41,600 

41,720 

6.23  X  10® 

6. 29  X  105 
6,5  xl(P 

40.30 

27.92 

5.85 

5.61 

I  MgHK-31 

1  MgHK-31 

1 

i 

49.000 

46.000 

30,000 

49.960 

48,240 

6. 25  X  10® 
6.34x10® 
6.5  xlO® 

29.24 

18.18 

7.53 

3.95 

*  ^ 


TABLE  XVI 

STANDARD  AREAS  OF  METAL  POWDERS  USED  IN  CALCULATIONS 


Aluminum 

0.3591 

Brass 

0.2465 

Copper 

0.36 

Monel 

0.0615 

Monel  (rerun) 

0.0416 

Nickel 

0. 17 

316  Stainless  Steel 

0.2161 

347  Stainless  Steel 

0. 1075 

304  Stainless  Steel 

0. 1519 

410  Stainless  Steel 

0.0650 

Titanium 

1.0374 

Note:  A  computer  hub  used  to  arrive  at  the  above  numbers  and 
the  results  reported  are  read  from  the  computer  sheet. 
The  llmltatloos  the  method  are  discussed  In  the  text. 
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TABLE  XVn 

AFTER- PASSIVATION  AREAS  OF  METAL  POWDERS 


Run 

_Nq. 

Metal 

Area 

_j[n2/gm 

Difference 
from  Standard 
(%) 

16 

Nickel 

0. 0934 

-  45 

18 

Nickel 

0.2128 

4  25 

20 

BrasE 

0. 177 

-  28 

24 

Brass 

0. 1711 

-  30 

30 

Brass 

0. 1683 

-  32 

27 

347  S.S. 

0.0868 

-  19 

28 

304  S.S. 

0.1475 

-  3 

19 

Monel 

0. 0587 

-  5 

23 

Monel 

0. 0765 

4  24 

29 

Monel 

0. 1005 

4  63 

34 

Monel 

0.0352 

4  42 

31 

Monel 

0.  0874 

4  63 

35 

Monel 

0. 1352 

4120 

17 

Copper 

0.238 

-  34 

21 

Copper 

0. 7288 

4102 

32 

Copper 

0.2222 

-  36 

22 

Aluminum 

0. 1951 

-  46 

NOTE;  A  computer  wus  used  to  arrive  at  the  atiove  numbers  and  the 
results  reported  are  read  from  the  computer  sheet.  The 
limitations  of  the  method  are  discussed  in  the  text  (page  16). 


*  I  * 

•  t  « 


* 


TABLE  XVni 

COMPARISON  OF  FLUORINE  REACTED  WITH 
FRESH  AND  PASSIVATED  POWDERS 

Fluorine  Com[X)und  -  gm 

Temp. 


Run  No. 

Metal 

J^F_ 

1st  passivation 

2nd  passivation 

27 

347  S.S. 

86 

1.52  X  10”2 

0. 17  X  10-2 

28 

304  S.  S. 

86 

2.66  X  10-2 

1.83  X  10-2 

30 

Brass 

-113 

2.84  X  10-2 

2.45  X  10-2 

32 

Copper 

-113 

2.09  X  10-2 

1.54  X  10-2 

33 

MkF2* 

86 

77  X  lO-'^  (after  2  hours) 

34 

Monel 

86 

1.44x10-2 

0. 486  X  10-2 

35 

Monel 

86 

1.99  X  10-2 

0.  592  X  10-2 

37 

Monel 

86 

0. 924  k  10-2 

0.873  X  10-2 

38 

Nickel 

-113 

3.45  X  10-2 

0.691  X  10-2 

39 

Monel 

86 

2.65  X  10-2 

1. 156  X  10-2 

42 

316  S.S. 

-113 

1.942  X  10*2 

2. 118  X  10-2 

43 

304  S.  S. 

-113 

7.47  X  10-2 

0. 774  X  10-2 

44 

Nickel 

183 

2.60X  10-2 

0. 1092  X  10-2 

45 

347  S.S. 

-113 

5.16  X  10-2 

0.64  X  10-2 

47 

410  S.S. 

-113 

1.753  X  10-2 

1.84  X 10-2 

48 

304  S.  S. 

183 

7.72  X  10-2 

6. 56  X  10-2 

50 

Titanium 

-113 

2. 195  X  10-2 

0. 2745  X  10-2 

51 

347  S.S. 

183 

3.42  X  10-2 

0.83!  X  10-2 

*I^>a('ted  vkith  fluorine  until  no  further  reaction  occurred.  Removed 
Humple  and  exfKKsed  to  atnios{)here.  Powder  returned  to  the  cell  and 
re-expi»s»ed  to  fluorine.  Reaction  occurred  but  not  run  to  completion. 


TABLE  XIX 


CHEMICAL  ANALYSIS  OF  STAINLESS  STEELS 
Composition  Type 


% 

304 

316 

347 

410 

Iron 

69.28 

65.74 

67.73 

86.15 

Nickel 

10.  57 

13.16 

13.18 

_  _  _  _ 

Chromium 

18.40 

17.45 

16.62 

11.80 

Carbon 

0.06 

0.06 

0.03 

0.G4 

Manganese 

0.66 

0.41 

1.74 

0.80 

Silicon 

1.00 

1.06 

1.23 

1.18 

Sulfur 

0.017 

0.022 

0.012 

0.014 

Phosphorous 

0.014 

0.018 

0.011 

0.017 

Columbium 

-  -  -  - 

-  ,  -  . 

0.45 

» 

Molybdynum 

.... 

2.08 

•l  w  « 

